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ABSI RVT

Research leading to the application and implementation of techniques for
computer handling of human factors task data generated in support of ,ro-
space system development programs is discussed. The technique development
is based on the assumption that z user-oriented computerized data handling
system will help draw human factors specialists closer to needed data. The
application of these techniques should reduce the problem of data accessi-
bility and allow more effective use of data in the system design and devel-
opment process. A computerized data handling syste, to store. celectively
retripve, and process human factors data in a user-oriented environment
was ,,,plemeitea thfrvuyii a ! Ct zLudy E~ i ILa % i(P4rS. TII;-

experimental system provided the primary means for evaluating the research
results. This report discusses the development process of the PSES, the
computer software used by the PSES, data classificdtion techniques, and
vocabulary controls. Consideration is also given to the feasibility of
providing (1) analytic and simulation tools in a user-oriented environment,
(2) current awareness notification of data entries, and (3) an advanced
and sophisticated classification scheme for identiying functional rela-
tionships.

iii



TABLE OF CONTENTS

Page

Section I, Development and Application of Task Data Handling Techniques- 1
Overview of the Problem ---------------------------------------- I
Research Goa.s ------------------------------------------------- 1I
Research Approach ---------------------------------------------

Preliminary Research --------------------------------------- 2
PirtSt dy ------------------------------------------------ 4

Derive Operational System Requirements -------------------- 4
Derive Operational System Concept ------------------------ 6
Define Pilot Study Requirements------------------------- 8
Select Research Areas ------------------- -------------
Conduct Research -------------------------------------- 10
Develop Pilot Study Design Specifications ----------------- 10

Pilot Study Experimental Sys"-em --------------------------- 10
!dentify Pilot Study Experimental System Design----------- 12
Develop Pilot Study Experimental System------------------ 12
Conduct Tests-----------------------------------------l12
Evaluate Test Results and Prepare Recommnendations --------- 13

Report Organization -------------------------------------------- 13

Section II: Task Data File Development------------------------------- 15
Introduction-------------------- -------------------------------- 15
Selection and Organization of Data------------------------------- 15

Selection of Systems --------------------------------------- 15
Selection of Human Factors Data Forms ------------------------ 17
Isolation of Major Data Elements----------- ----------------- 19
Data Item Analysis----------------------------------------- 20
Selection of Data for t, r1SES -------------------------------- 21
Data Organization ------------------------------------------- 23

Data Preparation for Computer Storage ------------------------------ 27
input Forms ------------------------------------------------- 27
Quality Control---------------------------------------------- 27
Vocabulary Control------------------------------------------- 29
Keypunching ------------------------------------------------- 29
Editing Routines -------------------------------------------- 29
Cards to Magnetic Tape--------------------------------------- 29
Disc Storage ------------------------------------------------ 29

Reorganization ot the Data Pool for TOMS---------------------------- 29
Data Orgdilization------------------------------------------------- 30
Data Preparation ------ -------------------------------------- 30

Setior. III: Application cf Computer Software Techniques to Storace and
Retrieval -------------------------------------------------------- 31

Introduction--------------------------------------------------- 31
Application of LUCID and TDMS ----------------------------------- 32

Storage and Retrieval -------------------------------------- 32
User rerminology------------------------------------------- 33



TABLE OF CONTENTS (CON'T)

Pag

User-Oriented Query Language-------------------------------- 33
Data Bank Structure--------------------------------------- 34
Update----------------------------------------------------- 35
Cross-System Retrieval ------------------------------------- 35
Selective Retrieval ---------------------------------------- 36
User Ccntrolled Output Format------------------------------- 37

Guides for PSES------------------------------------------------- 37
Security ana Privacy -------------------------------------------- 38

Section IV: Current Awareness --------------------------------------- 41
intrinduction---------------------------------------------------- 41
Profile Building------------------------------------------------ 41
Profile Matching----------------------------------------- ---- 42
Recommvendations ------------------------------------------------ 45

Section V: Vocabulary Standardization and Thesaurus Development --------- 47
Introduction--------------------------------------------------- 47
Thesaurus Developmient------------------------------------------- 47

Action (rbs ---------------------------------------------- 48
Nouns------------------------------------------------------ 50.
Abbreviations ---------------- ----------------------------- 51
Punctuation ---------------------------------------------- !
Pronouns ----------------------------- -------------------- 51
Adjectives------------------------------ ------------------ 51
A'.,rbs-------------------------------------------------- 5

Autormailon of the Human Factors Thesaurus -------------------------- 5L
----------------------------------------------------------- 5

Section VI: Task Data Classification Techniques----------------------- 5 7
Introduction-------------------------------------------------- 5

Principles of Faceted Cliassif'ctinn-----------------------------$
Proposed Design of a Faceted Classification Sys tem---------------- 6?
Symbolic Expression of Task Data--------------------------------- 64
Sunmry ------------------------------------------------------- -68

Section VII: Data Analysis and Simnulation Technioues-------------------- 69
Introduction --------------------------------------------------- 69
Objectives----------------------------------------------------- 70
Approach--------------------------------------------

Anal ysis-------------------------------------------------
Simulation ------------------------------------------------ 7

Summa~ry------------------------------------------------------

V i



i-3LE 01 CONTENTS (GUN'T)

P age

Appendix 1: System Data Source Formats ------------------------------ 81
Appendix 11: Input Data Content Analysis ----------------------------- 95
A ' pendix III: Defiritior of Data Elements (LUCID)----------------------115,
Appendix IV: input Data Form----------------------------------------- 123
Appendix V: Data Elements (LU'ID) ---------------------------------- 127
Appendix VI: Guidelines for Data Extraction -------------------------- 133
Appendix VIV Keypunching Guidelines --------------------------------- 141
Appendix VIII: C-DA Data Elements-------------------------------------- 145
Appendix I1X: Definition of Data Elements (TDMS)----------------------- 147
A ppendi x X : Build and Match Program -------------------------------- 153
AnoendiX X I Faceted Classification Element Names and Definitions ------- 171
Appendix XII : Tite.-Lire PrIIILUL------------------------------------------------ 181
Appendix XIIII: Simulation Output Technique------------------------------ 185

References --------------------- --------------------------- -- ----- 191



LIST OF ILLUSTRATIONS

Figure Page

1 Research Approach ----------------------------------------- 3
2 Conceptualized Operating System --------------------------- 6
3 Operation of Data Exchange Ceiter -------------------------- 8
4 Interface of Research Areas ------------------------------- 11
5 Development of PSES Dzta Base Content -------------------- 16
6 Uses of Task Data in Svstem Development 'rnqrams ----------- 18
7 Data Base Entry -------------------------------------------
8 Data Base Groupings ---------------------------------------- 26
9 Data Preoaration for Storage ------------------------------ 2 8

10 On-Line Development of User Profiles --------------------- 43
On-Line GeneraTion of User Notificdtions -------------------- 44

12 Classification Tree Applied to Simplified Aerospace System
Data Categories --- .................------------------------ 50

13 Faceted Concentual Grouning of Human Firtors Task Tta-61
14 Analysis Concet ------------------------------------- 72
15 Closed-End Aoproach to Simulation Development -------------- 75
16 Open-End Anroach to Simulation Develonment --------------- 76
17 Examnle of Closed-End Anoroach to Simulation --------------- 77
18 Example of Ofen-End Aroroach to Simulation ---------------- 77
ln Task Information Summary ---------------------------------- 83
20 Task Analysis Work Sheet --------------------------------- 84
21 ALCC Data Input Format ------------------------------------ 89
22 C-5A Data Input For-at -------------------------------- 1
23 C-5A Flioht Crew Task Analysis ---------------------------- Q3
24 Two Methods of Keypunching -------------------------------- 144
25 Task Time-Line/Mission Time --------------------------------- 2
26 Mission Segment Task Time-Line ---------------------------- 182
27 Maintenance Task Time-Line ---------------------------------- I3
28 Simulation Output of a Tine-Line from Stored Data or

Simulation Rui, in Proposed Fixed Fornat ----------------- 17
29 Simulation Output with Addition of Headinq aid Columnar

Lines Drawn to Show Sequence of Operation ---------------

LIST OF TABLES

Table I: Data Items for ALCC, C-5A, and Saturn ---------------------

viii



SECTION I

DEVELOPMENT AND APPLICATION OF TASK DATA HANDLING TECHNIQUES

OVERVIEW OF THE PROBLEM

The importance of ensuring early human factors considerations in the desig,
of aerospace systems has long been recognized by both government and indus-
trial specialists. The ever increasing complexity cf today's advanced sys-
tes demands that human performance considerations be an integral part of the
overall system performance. While government agencies have instituted var-
oes programs to ensure proper consideration of the human element, e.g., the
Personnel Subsyster orooram in the Air Force, the sheer speed of system de-
velopment has placed -,n almost impossible burden on human factors specialists.
Both the amounts of information generated and the compressed system develop-
ment schedules have led the -pecialist to rely heavily on his own expertise
when data are not known to exist or are inaccessible. As d result, the in-
put to early identification of human factors requirements and the integration
of these req irements into system design have not been satisfactory.

The research reported here was designed to study ways to alleviate some of
these problems through the application of computer technology. The tech-
niques explored in this researcn program are based on the assumption that a
user-oriented, computer based, data nandlinq -;,.srem will help draw numan fac-
tors specialists closer to -. :ed data and that b-.he applicition of such a
system will helo rcjuce the problem of data accessibility and allow -ore ef-
fective use of data ir tle ;Yster Ieiqn and development process.

RESEARCH GOALS

he research oa re . recte1 toward the develo- n!rt of techniqUes that
will aid the huolan factors specialist, buth - govern,)ent and industrv, o

imVrove the effectiveness of data in the developmtent process of s ter's.
These goals a re:

Provide a 'e. w data c-an be a, ,esed when and where Y are
needjed

The data system :ust provide raPid access to 'cmatio on per onnei and
t ra iqirer*-f aciIities, e . . pent and other task reIateu nfor-ma.o gen ra 1. o st e. o

t jenera ted it por nt in the oeve1opmert. cycle oC Svstel.

'-r.vide data f.r _:nv of a szster' du ..iica3.ed.it) _ ast stems or
current sjtems

-is-';-oa iS d re c ted to a eVI Ia . tho pro tom of d u li a te oenera on
of djt,. TZfc- , i on ae,:erated i- suo.,port *f one syStem shou,., be avil-
ahlte for -akr' ] decis ons on new systems.

0 r,;,id, a store J data fro,,, whnc toe user -1av retrieve selectively
<KT- Q- a! at to al ate o r-o bTe+r"Cce ..... r...

volur-e of data :,enerated i,. sujpporl cF s Ystem-s. any po;. in time, the



specialist is usual ly ;riterested Jr. cbtaining particular data or combina-
tions of data and nothing else.

0Provide deta tihat are -*urrent and frequently updated
TTTFFe-Fe ,redh~ fo a7; 'Vt e u s er of iedP inf -mation is 'greater
than the time, it takes for information to change, then the in, omation in
the data systemn, though important to applications or other systews, may be
inadequate for immndip&Le use. Since the data generated in support of
:ysterns have a ranid decay rate, the data user must be provided wihthe
ldtest information e-; Quickly as possiblie.

0 Provide basi*c analyt ic fools
PWe thanlforce trc- user to apply specific analytic techniques to his
data, the data sytsem should allow the user to select from a prool of exist-
41n, analytic routines, oi simnultaneously write and operate new analytiC
routines that mneet his need.

* Provide a standard language withouL -due constraint on the user
Technical terms aescrm ing human avraesul7biosardeun
dant. Some means of vocabulary control must be provided so that data Pmay
be retrieved consistently by different ucsers.

RESEARCH APPROACH

Figure 1 illustrates the research activities leading to the application and
implementation of cmputer techniques for hanaling human factors task djata
generated in support of aerospace system development. proq4rams. The activi-
ties ire grouped into three areas of study, viz., Preliminary Research,
Pilot Study, and Pilot Study Experimental Systen, (PSES1.

Pre]limiai Research

The objective of the preliminary research was to identify/ problem areas and
to determine the feasibility of developing improved methods for handling
human 7actors task data. It was recognized early in the research program that
technic 'es for data hardlin, must be developed in context with the total en-
vironment in which they are to op rate. Knowledqe about the types of data to
be handled, the nee.s of generators ani users of data, and the needs for data

handlir is a prrtequisite to the design of such a system. Thus, before re-
coniendations for develcping specific techniques could be made, the research
was directed ,,the fulfillment of th, folloving objectives:

" identify the representative groups of technical and professional special-
(sts involved in the gederation and edse of hman factors task info fnation

" Identify the types and classes of d ata generated, used, rd required by the
government and its contractors in system desigIn, development, and operation

* Identify the relatioihips between data categories, the input,'outpu' char-
-cteristics of the data, and the various phases in system devel ent under
which the data rou generated and used

routies tat. .,met hi-nee
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Figure 1. Research Approach
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Describe the uses of the data in making system design, development, oper-
ation ano related management decisions

Assess the types of current and potenLial uses of computers for handling

system data

# Assess the current and desired data retrieval times

* Recorauend the desired zharacteristics for a technical data handling system
to operate in a governent/contractor environment

In response to the preceding objectives, information was gathered through an
extensive review of the literature, interviews with pertinent government and
industry personnel, And from responses t questionnaires.

The results of the preliminary research are reported in:

Hannah, L. D.; Boldovici, J. A.; Altman, J. W.; and Manion, R. C, The Role
of Human Fact rs Task Data in Aerospace System Design and Develo)ment,
MRL-TR-65-131 (AD 621 379),

Hannah, L. D. and Reed, L. E. Basic Human Factors Task Data Rclationshipsin Aerospace Sys t2eLn~ j anU-5ev , orir, MRt--TR-65-231TAD368)

Whiteman, I. R. The Role of Computers in Handling Aerospace Systems Human
Factors Task Data, ARL-TR-65-206 (AD 631 182).

Pilot Study

The objectives of the initial study effort beyond the preliminary research was
to define requirements and develop techniques for the computerized handling of
human factors task data. Research was divided into six distinct efforts (see
figure 1): (1) Derive Operational System Requirements; (2) Derive Operational
System Concept; (3) Define Pilot Study Requirements; (4) Select Research Areas;
(5) Conduct Research; and, (6) Develop Pilot Study Design Specifications.

The results of the initial research are reported in:

Potter, K. W.; Tulley, A T.; and Reed, L. E. Development and Application
of Computer Software Techniques to Human Factors T-ask F6lata) d ProlTems,
ARM- 66-200 (AD 647 99 3).

Derive Operational Fystem Requirements

An extensive review of the recommendations, information, and experience re-
sulting from the preliminary research led to the detrmination of 14 re--
quirements for the development of an operatiunrl data handling system,;. These
requirements provided the guidelines for the pilot study research and for
the development of an experimental system, The requirements are:

(1) The ystem must be oriented to user requirements. It must satisy tne
iz of aerospace scientists ,nd engine-rs and must fulfill management
needs for data.

-4-



(2) The system must provide for the storage, updating, and retrieval of nu-
man factors task data. The data should be indexed to permit retrieval
based on several reference points.

(3) The data system must be responsive to current Air Force and National
Aeronautics and Space Administration (NASA) syste and data management
concepts. Compatibility, rather than dependability, with the system
engineering process is recofmmended.

(4) The system must provide simplicity of use by accepting and outputting
data in a form approaching user terminology. All inputs and outputs
must be immediately interpretable by the user. This includes all data,
whether they are qualitative or quantitative in nature.

(5) The user of the lata system must have easy access to the stored data
through the use of a user-oriented query language. The terminology
interpreted by the system must be compatible with the language employed
by the user in his system-specific activity.

(6) Provisions must be made for exLernal storage of data that cannot be
coded economically for computer storage. Where applicable, cross-ir-
dexed data should be stored in the computer for referencing information
filed externally, e.g., documents, pictures and graphs.

(7) The data bark structure must be flexible enough to allow for future
expansion and inclusion of additional r--a elements--categories of in-
formatio,,. This flexibility will allew for changes in data concepts
and new system requirements and avoid major changes in the structure of
the data base.

(8) The data bank must be capable of frequent updating while retaining
selected data for such uses as design trend analysis. The system must
be capable of purging unwanted historical information. The updating
capability of the system should allow for the storage of information
generated in support of on-going phases of an aerospace system life
cycle.

(9) The data system must be cpable of reLrieving similar information gen-
erated in support of dif",-rent aerospace systems. This capability will
allow maximum use of data in making design decisions for new systems.

(10) The data syst,-. must Ie capable of selectively retrieving data elements
by qualifyiiq them with other data elements. With this capability, the
user receives only the data he needs and nothing else.

11) The data sytem must have the capability of protecting data having
security classification and/or proprietary status.

(12) The data system must provide the capability of processing retrieved
data through the use of analytic programs and simulation models with
a mirimum of human intervention.



(13) The system must provide the user freedom ir~ specifying the format of
outputs.

(14) The system must provide for Currert awareness notifications to quali-
fied users, in response to interest profiles. A notification is de-
fined as a statement (via teletype) that data meeting the req~uirements
of a qualified user have been added to the information store.

Derive Operational System Concept

concept of an operational system for handling and processing aerospace sys-
tem human factors data in a government/industry environment was developed to
lend a realistic context to the research (Reed and Wise, 1965). The concept
was derived from the preceding operational system requirements and was used
to assist in identifying problems for research.

A brief description of this concept is prese~nted next.

Figure 2 illustrates the conceptualized operating system in an Air Force en-
vironment. The ICata Exchange Center is the heart of the system which con-
sists of computer hardware, computer programs, data storage, and a data con-
trol gr.iup.

"Y~tm

fie usrsFiguresp. onetainteres prie s.Antemctoni ervSemce p

ALoceto prainl~ syteoorhrnlig n roe in aeoAaess

Fi~ ~ ~Fgure 2.ilstae he conceptualized peratin system nArFree-lg

fio -6-eCt xhng etristehatoftessemwihcn



tor purposes of dis ission, it will be assumed that a data exchange center
is located at an Air Force Systems Command (AFSC) Division. Subcontrac-
tors provide prime contractors with data. The prime contractor integrates
these data with his own and 'ends them to the data exchange center in a for-
mat ready for input to the computer. New data and updates will be entered
in the data bank on a continuous basis--not just at design milestones. The
data bank contains human factors data from several aerospace systems. This
makes it possible for a System Program Office (SPO), or SPO-designated users,
to compare data longitudinally within a system and across systems.

All of the techniques and programs available at the data exchange center are
available to contractors for use on their own computer equipment. If certain
special techniques such as large-scale simulation cannot be conducted at the
local center, the services of the da'ta exchange center may be requested
through the appropriate SPO.

Two modes of communication with the data exchange renter are used. SPO's and
user commands have direct cemmuni,-ation with the data bank by means of tele-
types operating in a time-shared %de. Requests, short responses to requests,
and current awareness notifications can be sent economically over teletype
linez. Postal services are used to deliver large volume printouts. OtnEr
users will use postal services or teletype to the SPO control group for all
input and output communications.

The central processing unit (see figure 3) must be a medium to large computer
with features adaptable to timea-shared multiprocessing and multiprogranmning
operations. It must have an cxtremely flexible growth notpn tal for in-
cre'ed processing power ad storage capability.

The input/output (I/0) processor, shown separ3tely, controls all data trans-
fers. It allows the central processor to be free to continue basic process-
ing while various priorities of data transfers are handled separately. Amonq
these priorities are teleprocessing traffic, memory transfers, and peripheral
buffering.

The data bank memery consists of a variety of storaqe capabilities, ranging
from direct ra' om-access to off-line cards and tapes. Because of the vol-
uie and growth rate of the data bank, additions to stnrage are required fromtime to time. Microfilm stopraqe supplements the data bank. An index to the
microfilm is maintairied in the data bank. Thus, as data are retrieved "tom
the comput, r rtorage, references are listed for supplemental retrieval from

1icro f w.

Tele rocessin capability is described here as a direct hookup of renMite and
on-line teletype .,tatinns with the I/C central processor. These stations mav
be in the computer room, SPO's in the same buildinq, or across the country.
7. combinatikc, of hardware and software safeciuards ;irtects proprietary and
classified information.

The S' J control group assists and !'oniters the data cycle within the exchange
facility. This group would be an eXtefs ion of Pach of the SPC s involved.

he ,roup would hopefully stimulat.e cross-talk between *he SPO's and Drovide

-V-



DATA EXCANG4E CWP~ER

t# reo trae

Tqletype 
SPC Dat'

Figure 3. Ooeraticn of Data Exchanae Center

an added measure of control on proprietary informiation. They are responsible
for the collection, review, and verification of -Incoiring data. They also
maintain the software; handle the reproduction of materials including data
lists, charts, and reports; and motiltor the rel2uQ-abiiity of all outputs.

Define Pilot Study Requireme ts

Pilot study requirements were developed to focus more clearly on the o-pera-
tional aspects of computer software functions. A conrf-pt of the comuter
software functions was developed to exemplify the inner- working of an opera-
tional system and to narrow 'own the identification of research direas dis-
cussed next.

Select Research Areas

Five areas, c.onsidered fundamental from the standpoint of studyin,, 'he pr~o-
blem and proposing solutions, were identified. These five areas are pre-
sented and discussed below:

*Analysis of Human Factors Task Data_ Data Relationzni[)s_, adC si
cation Schemes

-8-



One of the most important considerations in applying inffumaton system
techniques to data handling probieni is the determination of th:e charac-
teristics of the data to be handled by the system. The factor; involved
in gaining a complete understanding of the data include their diversity,
application, environment, content, life cycle, and significant phases in
their generation and use. The personnel involved in data handling are
also important factors--their problems, response times, toIs, scheduling
and products. Therefore, an analysis of the data and of the people direct-
ly concerned with the data is needed.

Vocabulary and Thesaurus Techniques Applied to Human Factors Task Data

A capability that increases the effectiveness of communication among
man/machine/software functions is highly desirable in computer systems.
Vocabularies in today's systems cannot be used as off-the-shelf component.--
they must be tailored to the environment of the system. In this research
program, a special consideration--standardization--is apparent in study-
iTig task data terminology. Not only is the problem apparent for treating
,,, Itisy ter data, but a"so in p1 viding fev- mvL*ius ac. A d ta ,,ocabuy;1 , ,

is essential to this information system and requires careful study in its
appl ication.

Computer_ orin and Retrieval uf Hu,,;an Factors Task Data

Particular problems, identified in the preliminary research program
(Hannah et al., 1965), that directly concern users of task data are the
handling of larie amounts of data, dealing with scattered sources, and
drawinq from previous and cirrent experience with systems, The recommen-
dations resulting from the preliminary ..esearch call for a store of infor-
mation, mutually available to those who require such information, in a
form that expedites the use of that information. The recowndatiors led
to the conclusion that a factual storaqe and retrieval capability iP
needed which always keens data up-to-date.

Anal tical and Simulation M( 'elinc Techniques Applied to Human Factors

Techniques emoloved b y ana! yI-sIs in refininq task datd into useful products
are o, ten the resl, t of sciertific analysis ind modelinq procedures. Such
procedures ire hi(0hlY amenable to computer applications. If raw quanti-
tative data are easily accessible ir a coputer store, various processinq
techniques can be iITmedi atel v a nd di rectly appied to refine the dita into
the required prod, c*S.

Curreri Awareness Techri ues Apil ied to Hunan Factors Task Data

A special problew poirlted cit by Hannah et a1.(1965) concerns the ina-
bility af ainalysts to keep up with the fast pace or data3 qeneration. This
is particularly true when 'he data are scattered, or f channels providinq
awareness are i;'eficient. Inefficiency is almost always present when
several separate orqanizati, ns are involved. The requirenent that spe-
cialists be irmediately aware of the Qeneration of data. wher they are per-

-9-



tinent to their interests,can be facilitated by the functioning of a comn-
mon data store. The 1.,'oblem of assuring iwareness can be lessened by set-
ting up a major automated control point tr't acts as a disseminator and
provide., notification of pertinent data t3 inteie 'LEdJ people. The opera-
tional system can act as the control pcint.

Conduct Research

The activity during this stage led to the formulation of an initial, y .t
detailed, design This activity included describing particular problems and
objectives for each research area, as well as planning and carrying o, hne
research. Figure 4 shows the interface relationships of the five research
areas. The results provided the basis for the development of the pilot study
design specifications. The nature of t.he operational system concept and its
man/machine functions became clearer as problems were explored. Modifications
to the concept were made during the course of the study, as shown, hy the feed-
back loops in figure 1. The results of the research in each of the five areas
are reported in Potter et al. (1966) and ;ri Sections INI through Vll of this
report.

Oevel~jp PilotStudv Design__Veificatio-s

The pilot study design specifications were qenerated in response to the re-
search results drawn from the five research areas discussed previousl -y. The
specifications describe and identify the requirements, techniques, functional
interface, and approach necessary for the development of a data handling s 'ys-
tem. Since the objective of the research wds not to develop a full operatiriq
system, but rather to explore teconiques necessary for such a systerl, 'he
specifications also identify those areas which are carried irnto co!no1uter soft-
ware and those which will be tested manually or -iiven nar-rative trela~rient.
These specifications included such topics as: Jetaile chrce~ ~ of
the data used as inputs, necessar"/ software required for, ir[ou,, retrieval
update and output , thesaurus, arial si s and s imulion , user 's and controller 's
guides, and the s-nvironment necessar *Y to support the deveiloprvent of the dlata
system. The desi _n specificationr;s ovided b~oth a direction for reseirch and
an approach Lo be usea in the develocine,'t of an e\',.eri:-enti1 data r'vste

The specifications are reported in:

Iulley, A. T. and Meyer, G'. R. im1ple:nentation of o-uter 1 oftware-
niusto Human Facters Task Data Hardln i e s>P~O- I

nilotStudy _Experinmert a1 Svs-,?

The Pilot Study Exoerimneiota] 'Vste' PSE S) ocoi'osses all rpsearcr.' area, tna
are carried to test kind evalluatir and will ultael r-,; " )
t ion s f or the de velIoprment of a r ooe ra t r a1 t d -i hn,!~ vs e-
development was divided into fciir distinct efforts: + de
Study Experinental System Desir-,( DevelIor, .I c' r 'er'dy,
tern, (3) Conduct Tests, and (4)~ Evaluate Test, RCeulls ard rr e eI
dations.



Conduct Rsac

ANALYSIS OF TASK DATA, RELATIONSHIPS, AND CLASSIFICATION
..................................................................................................

*TASK DATA INPUT/OUTPUT
FRAME WORK REQUIREMENTS

*Select/colle~ct 4Identify types of
object data. users/generators.
Construct basic Study data needs of

* structure. user/generators for
* data.

% ..................... .....

COMPUTER fTECHNIQUES COMMUNICATION TECHNIQUES
......... 1.......................... ..................

ANALYSIS/SIMULATION :: VOCABULARY/THESAURUS

i)dy cut-rent *: Study current
applications. * applications.
Recomennd pilot : ReconTnd pilot

4 Istudy techniques.

and
-e Deeo tes dat (lt seor( ~vesiqae f data descriptors

_ t Detailon pilr pioomputetud 
hardware&' !

STORAyRf TR I EVAL adsftaECURRENT TECHNIQUES

Study current eurens. Study current

applications. [applications.
Recrr-end pi 1-t *. Recornend piot

stuy eh-,11q* study techniques.

Describe pltStudy
D0esign Specifications

Figure 4. interface of Research Areas



Identify Pilot Study Experimental System Design

The Jssign specifications of an experimental system zatisfy those areas of
the pilot study that are carried into the development of a computerized eval-
uative system for handling human factors task data. The specifications, re-
ported in Tulley and Meyer (1967), resulted in the devolopment of the PSES.
The PSES provided the means by which data handlina techniques were tested and
evaluated.

Develop Pilot Study Experimental System

The PSES was developed to focus more clearly on all aspects--hardware, soft-
ware personnel, environment, etc.--of a total operating data system. While
the PSES was not regarded as an operational system for field use, it did pro-
vide a means for determining the feasibility cf such a system. The processes
and steps that led to the developmr-t of the PSES are discussed in Sections
II and III of this report. The development procedures included: (1) the
generation of an experimental data pool, (2' the application of computer
techniques, (3) interir development tests, and (4) implementatio- of modifi-
cations to the PSES in accorda -e with tesT ,esults.

The design of any information systei is based upon its functions, that is,
what it is intended to do. The syztem requirements (see pane 4 specify the
conditions for handling task data in a computerized svstel. cluoed in the
requirements are stipulations that affect the !,anner in which the cor1ditions
are met, such as user orienta*,on, selectivity in retrieval, vocabulary star,J-
ardization. To the extent Possible, these conditions were acplied to the
development of the PSES. Sta,.e-cf-the-art considerations were de er-inirI
factors with regard to the application of co..outer hardwarea- iwd oaf'tw. to
the PSES functions. Manual overations were applied where a-to1'at ,r Wa< i-
possible or impractical. For exavrle, vocaularv cortroi wa.s acsieve-dj ?v
manudl application of thesaurus tTc ,oly. T-oun oaut(.wOa , I e t& e-
saurus itself is par'. of rhe total P>F ,erai.' a is ,e,.' ,

Oiler, R. G . Hurian Faic tors 2a la -hes urup. Ap i L
AMRL-TR-67-211 (An 6 578

User- r r entation was a ari'.v e rar 1 e- c''. e- i . , : .e 'a
ware cod software. This :!er r, r . j * e i , e r ' ' .
rectlv ,th the ko.mputer i o:, trer-e' , The ,..
be aole to ,..cess data select i a v- , - ,
and obtain a rap' d res.'\' e * U ! 'r .. "4 e' ''te" , .; .'>d , r

applications to tiv P aS re di c -scd . .

Conduct Tests

.hen 3 reia tiel corcet , , e the 1 h.d he'- :':e:'.i a ;et
procedures developed. tne PSES was %o't*c'e o re.hstic e s'
The purpose of the test was to o ota'': data fo' e-a j,'i: ti 1 ec"' .e e-
ve 1o . duri: , .,  trie research period, whether " 1an O a.to" , . '7 :.- r

situatio involved the use P) te co'wu[ter stc, red P er-e"a .: ,
progra ms a , d on-e 1 c 7o - u e hardwaro . ,e -u,,' e .. , ," n.



specialists engaged in system developmne. projects participated in the test
program. With the assista nce of a user's guide, eoecially designed for the
test program, the specialists accessed data from computer storige. Ques-
tionnaires and debriefing period, were used to obtair- data for evaluating the
PSES functions. Included in the Aues 4ionnaire were questions regarding the
effectiveness of the training period, the use of the guide, difficulties e-n-
countered in the retrieval Process, types of data that should be added to the
experimental data pool, possible uses of the data system, and the applicabil-
ity of the system concept to aerospace system development programs. The de-
briefin-s were directed primoa;lY L, clarification of questionndire responses.

Evaluate Test Results and Pr.,pare Recorfvnerdations

Test results were evaluated for possible imediate changes or recommended
changes to the PSES design. -he test results also served to identify those
areas needing further research, as show~n by the feedba'-k loops in figure 1.
Changes and recornendation for changes are discussed in L1re appropriate sec-
t;'ons of this report. The test procedures and evaluation of the resulvs are
presented in):

Reed, L. E., Reardor, S. E.; and 7ulley, A. T. Test arid Evaluation of Coin-
ouer- 7ech iques for i~dn r ua Faclrs T sk Dit in uhlicalion!.

i ns truc t ions o r the opera t ion a nd ma n ter!a nce of 'I-,e -SES functi;ons were pre-
-)areuJ in user's and control ier' -u ides . These i-struct,_r~s ire reported irt:

R iro c, S5. . E. Co!.p u te ri zed H uria'r P a cto rs a s~ a a ~a r, e c Teh ri u Ps
s er s a .,d Cco t r '7.JP 7 e atir,1 ;des -A;T

R,- A 14 T I~ I T, 'N

e1 S C' Ir s k

p' -'eirt,~ 3'>i j~ e 0a se3i

J3 Se-e 0' r
~* *~*h~+

.~' h"~cu~s ti eia L~ r ap'~~~:es~c~~.as
u"~ Tc leoe -e "m e-r a.'~aau'.

~'e ei' O.O 'ca s~2s i~"e u '; ~..................



* Section VII discusses the problems, rev',es techniques, and presents pro-
bable application of analysis and simulation techniques to task data.
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SECTION II

TASK DATA FILE DEVELOPMENT

INTRODUCTION

The Pilot Study Experimental System (PSES), discussed in Section I of this
report, provides a means to test and evaluate data handling techniques. It
also provides the primary tool for determining the applicability of classifi-
cation schemes for organizing human factors task information into computer
acceptable form, and for determining the adequacy of vocabulary controls
that must be imposed on the data. Research that led to the development of
data classification schemes for the PSES was reported by Potter et al. (1966).
An advanced, but untried, classification scheme, is presented in Section VI
of this report. The development of vocabulary controls was reported in Oller
(1967) and in Section V of this renort.

This section discusses the development of an experimental data poul for PSES
test and evaluation exer<(,ses. Two subjects are discussed: (1) the selection
anr4 organization of sample task data for the PSES, and (2) the preparation
of data for computer storage. The first subject covers the selection of
aerospace systems, selection of data types, identification of classes of
data, and selection of sample data for input to the PSES. Classification
structures and vocabulary controls are discussed briefly in context with the
total development of the experimental data pool for the PSES. The second
subject includes all processes necessary for converting the selected sample
data into a format acceptable to computer storage and processing.

SELECTION AND ORGANIZATION OF DATA

Figure 5 illustrdtes the overall activities that led to the selection of a
representative sample of data for input to the PSES. The activities begin
with the selection of, serospace systems to be considered in the research and
terminate with the selection and organization of data to be prepared for
computer storage.

Selection of Systems

Data handling techniques cannot be developed and tested in a vacuum. To more
rea,1stical y fulfill the requirements listed in the preceding section (see
page 4), aerospace systems in early stages of design were selected for this
study. The following criteria governed the selection of systems:

* The systems should be in early stages of development so that *he
evolutionary process of data jeneration and use can be considered.

* The systems must contain a personnel subsystem or life science program.

* The systems must contain development programs that require the qeneratiin
of task information.

-15-
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The systems should be representative of those developed for the ;overnment,
e.g., space systems, aircraft systems, missile systems.

To be effective, data handling techniques must be applicable to different types
of aerospace systems. The research must determine whether or not a data sys-
tem can be developed that processes information generated from totally dif-
ferent types of aerospace systems and still provide for accessing data across
systems. Thus, rather than select a sample of similar types of systems, e.g.,
aircraft sys+-ms, or subtypes of similar sysms, e.g., fighters or trainers,
three differeift types were chosen:

Aircraft sys em-Heavy T-ansport Aircraft (C-5A)
Comnand and control system-Airborne Launch Control Center (.LCC)
Space "ioostcr system-Saturn V, Stage IC (SV-IC)

At the time of selection, all three systems were in various stages of early
devefopment, and all required some form of human factors effort in their de-
velopment process.

Selection of Human Factors Data Forms

To be useful, a data system must be capable of processing information in all
its various forms and at any level of detail. This requirement is particu-
larly important to human factors information, since the forms of the data are
as varied as the ways they are reported and used. The research probl-m was
to select an aggregate of human factors data containing these characteristics.
In their report of the preliminary research, Hannah and Reed (1965) con-
cluded that human factors task data constitute a large body of information
used throughout system development and that the use of this information is
essential to the system .'velopmerit process. Task dat2 are used in some way
throughout every stage of system development, are often used repeatedly,
e.g., the same data may be used to generate training requirements and man-
ning estimates, and c'ntribut, to a large variety of aerospace system pro-
ducts. Figure 6 illustrates sode of the various uses made of task and task
analysis data in Air Force Perso, nel Subsystem (PS) programs. Furthermore,
the forms that task data take, e.g., narrative, quantitative, and the for-
matting structure of these data, e.g., fixed formats, graphs, drawings, are
representative of the total personnel subsystem data forms and formats used
in aerospace system development programs.

The procedures and requirements for generating task information vary from
system to system. Task information varies considerably in both content and
form, depending on the system development program problems, the system being
analyzed, the period in the system life cycle, and on the idiosyncrasies and
needs of the data generator. The research problem was t, --" ' group of
task data from each of the three aerospace systems. The to- . selected
had to be representative of the total task data generated on earn system and
had to form a coherent group with regard to uses in the three aerospace sys-
tems. That is, the data may vary in form and content, but their uses, e.g.,
generation of personnel and training requirements, maintenance procedures,
job analysis, must be similar. Appendix I contains illustrative sample for-

-17-
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mats used by originating aerospace system contractors for recording task in-
formation on the ALCC and C-5A. These include formats, such as task analysis
worksheets (TAWS), Requirements Allocation Sheets (RAS), time-line analysis (TL),
engineering and other drawings (DR), task listings in Qualitative and Quanti-
tative Personnel Requirements Information (QQPRI) documents, and other engineering
data (OED). A large sample of these formats, containing operational and main-
tenance task information on the Lnree systems, was analyzed fo, dontent and ap-
plicabilitv to computer storage in accordance with the requirements listed on
pages 4 through 6 of this report.

I Isolation of Major Uata Elements

An important consideration in dpplying information system techniques to data
handling problems is the determination of the characteristics of the data to
be handled by the system. Factors involved in gaining a complete understand-
4g of the data include their diversity, application, environment, content,
life cycle, and the significant phases in their generation and use. Since
the data system must adhere to multiple user requirements, the research must
determine if a data structure can be developed for diverse types of aero-
space systems that must rely heavily on common storage and indexing tech-
niques. The need for a common method of labeling and defining data is ap-
parent if the automation goals of the research are to be met. Currently there
are no p-ecedents for a user-oriented information system that includes such
a large assortment of data types generated in support of many system devel-
opment programs that establishes information handling techniques on a
factual rather than a document level.

The -First need was to create an organizational framework that accommodates
task data generated in support of different aerospace system development pro-
grams. To allow the user to access data across systems, information common
to all systems, as well as system specific information, had to be identified,
labeled, and defined. The procedure used, and reported by Potter et al.(1 96 6 ),
was based on the derivation of common data eements. A data element, in this
context, is a label that represents a generic class of information containing
any number of subordinate classes of data. The defined elements must accom-
wrndate a wide variety of data and must serve as the common pivotal point
for conducting detailed content analysis of specific data items. Data generated
In support f the three systems selected for this research were used to derive
a list of data elements. The first step was accomplished by comparing the
major information content of the dat formats (see AppendiS II). This exercise
produced the following ten elements presented with their definitions

Data Element Definition

1. Object System Thc designator of a specific aerospace system.

2. Mission A specific operational maintenance profile or pro-
Information file segment for the specified object system.

3. System Specific data relating to the hardware and soft-
information ware required to accorilish the specified mission

or segment.
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4. Performance Specific data relatin, to the level of detail to be
Description included in the reiated performance descriptions

5. Performance Specific data relating to the man/machine, and man!
Characteristecs ma- interfaces and duties required to accomplish the

specified mission or segment

6. Hardware Specific data regarding the human engineering char-
Characteristics acteristics of the hardware required to accomplish

the specified mission or segment

7. Personnel The job Litle and/or Air Force specialty code of
Description personnel required in the specified activity--spe-

cial skills or knowledge required of the performer
are also noted

8. Time Specific data regarding performance or mission re-
Information latld time values

9. Remarks Miscellaneous comments and remarks necessary to
explain any material contained in other data ele-
ments

10. Source Specific data regarding the origin and author, date
Identifiers of completion or revision, references used by the

generators, and security or proprietary restrictions

Data Item Analysis

The ten major elements represent classes of data common across the C-5A, ALCC,
and Saturn, and represent the most general level of information content for
these there systems. The next step was to carry the content analysis to the
data item level, e.g., particular statements of human performance, hardware,
special skills, and knowledge. Thus, the approach was to first classify task
data ,to a generic structure--elements--then provide for subclasses--data
items--in accordance with the requirements for using data. This approach in-
volved specifying the level of detail needed to access selectively individual
data it.ms 1ccording to user's needs. The p.1imary objectives of the data
item content analysis were as follow:

Identification of Common Data Items
To-pTov'de a standard frame-of-reference for retr;eving data within and
across aerospace systems, it is necessary to isolate tose data items com--
mon to all systems. The ways in which data are referred to vary from
system to system and from analyst to analyst. The same information may
take the form of numbers, be described in narrative form, or be coded.
For example, there Is no standardized method for defining or describing
personnel haza-ds involved in the performance of tasks. One analyst may
place the degree of hazards involved in a particular task on a rating
scale, while another analyst simply describes hazards in narrative form.
In other instances, personnel hazard data may be embedded in othei cate-
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gories of information, such as task criticality, personnel safety, criti--

cality to mission success, or actual accomplishment of tasks. By choosing

a single term to refer to hazard information, the likelihood of data loss

in the retrieval process is reduced. In this way, the data user is able to

retrieve hazard information across aerospace systems. Where differences in

data form exist, e.g., narrative descriptions vs. ratings, computer based

comparisons of these data cannot be made, e.g., retrieve tsks, across sys-

tems, with the highest hazard -ating. This would require standardized tech-

niques for generating and analyzing data in aerospace system development

programs. For the PSES, the user retrieves the data and performs the de-

sired comparisons manually.

Data Item Definitions
Each data item is defined in accordance with content and usage. Coded data

are defined and aerospace system names or codes are identified in each defi-

nition for quick manual reference during retrieval.

* Selection of Data Item Labels
Upon completion of the data content analysis, standard labels for common

data across systems are selectpd. For example, data pertaining to hazards

for all systems are labeled HAZARDS, even though the form of data may be

different for each system. Data that are unique to a system are also

labeled.

Data Item Categorization
K.ite--gorf i[ion scheme appropriate to each data item is selected and

classes of related data items are grouped into the appropriate data ele-

ment. The categorization scheme selected is determined by the data item

characteristics and content. A variety of categorization schemes may be

required to best organize the data. For example, certain data are ame-

able to hierarchical arrangements, while others are best arranged in al-

phabeticdl order or by key terms.

* Identification of Data Item Characteristics
te characterT76sT~ oe iTnformation contained in each data item are

defined. The characters, e.g., alpha, numeric, symbolic, or combinations

oi these; and make-up, e.g., number of n,,meric digits, maximum number of

alpha characters, number of lines of narrative, for each data item are

identified.

The data item analysis, ported in detail by notter et al.(1966), generated

27 ALCC data items, 35 C-bA data items, and 28 Saturn data items as listed in

Table I. Results of the data content analyses for the three aerospace ys-

tems are presented in Appendix 1V, along with statements about the data

sources. Data item (computer element) definitions are presented in Appendix
_-.l III.

Sfiectior of Data for the PSES

The total amount of human factors task data generated on any one aerospace

system development program i , unq!,stionably large and unwieldy. The three
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systems selected for this research are no exception. To facilitate the re-
search process, the experimental data pool for the PSES was kept modest in
size. Technically, nothing is gained by continuously loading an experimental
data pool. Howew'er, data for PSES experimentation were representative of the
total task data generated for systems in the early acquisition phase. The
central block in figure 5 shows the mission phases for each system, the num-
ber of tasks selected for each mission phase, and the sources from which data
were obtained.

The data selected from ALCC included operational and flight maintenance task
information. Although the AICC is a subsystem to a larger system, task data
concerned with the interface with the larger system were included when nec-
essary to specify ALCC tasks. The maintenance data selected were limited to
in-flight and flight line maintenance; no field, or depot level maintenance
data were included.

Sample operatonal and maintenance task data were selected from C-5A documents.
The operational data consisted of tasks performed by the flight crew cn a com-
pletE mission--preflight through postflight. Maintenance data consisted of
turnaround and periodic tasks, and of a selection of field and organizationAl
level maintenance tasks, including component level detail required to diag-
nose and correct faulty subsystems. No depot level maintenance tasks were
included.

The Saturn data consisted entirely of maintenance operations, including re-
pair, remove and replace tasks to the individual part level for sequentialoperations. Sequential operation consisted of maintenance loops for the
Saturn Launch Vehicle Countdown.

Data Organization

The organization of data for storage is fundamental to the development of any
computer technique for handling task information. The data organization must
be responsive to the retrieval needs of users (see Section I, page 2).

Potter al.(1966) indicated that in some data systems simple organiza-
tional schemes are adequate. For example, bibliographic data are often o'-
ganized by subject or title; associated data, such as publication author,
and keywords are all linked or grouped with primary reference points, e.g.,
subject. Searcnes are made using the subject as the prime search key and as-
sociated data are thus retrieved with refe-ence to this primary key. More
complex organizational schemes are needed when the requirements to retrieve
involve a higher level of selettivity. A greater degre" of depth is needed if
many subassociaticns are implied in the data, e.g., handlinq task data on a
factual level. The data can be subdivided into many hierarchical levels of
detail, which together form a condition for data retrieval. For example, a
task statement (a particular level of detail) may be "ivided in the verb
and noun, and each task may be further divided into several categori's, such
as time, posiLion, equipment and criticality. The computer software tech-
niques for handli-, data in hierarchical arrangements are discussed in Sec-
tion I!, page 33.
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I
A second problem in the development of a fa,.t ret'ieval system is 4"e selec-
tion of a particular data item under which all other data may be organized
(a computer entry). Implicit in the selection of a data item is the level of
detail necessary for selective retrieval. The data item selected for the PSES
experimental data pool was the task--statements that describe human actions
in aerospace system operations and maintenance. All other information either
identifies the task, e.g., the system, the mission phase under which the task
is performed, entry dates; or describes the task in terms of associated data,
e.g., time to perform, hardware required, task criticality. For the exreri-
mental data pool, items 1 through 10 in Table I identify the ALCC, C-5A,
and Saturn data and items 12 th-ough 35 describe the task.

The data values (information content) that identify and describe a task are
grouped as one entry to the experimental data pool, as illustrated in figure 7.
Each of the items (categories) represented by the blocks in the figure con-
tains one or more data values that identify and describe a single task. Fig-
ure 8 shows how entries are grouped for the computer data base (the group
of data elements under which data values are organized for, computer storage).
For the experimental data pool, the data iten;s shown in Table i are identical
to the computer data elements that form the data base (see Section Il). Typ-
ical data values for some f the data are shown in figure 8. Note that the
hierarchical arrangement of the data is maintained through repetition of data
values. Thus, more than one task appears under a single mission phase and
mission segment to allow the user to access data at either level of detail.
The data values that describe the task are unique to each task.

Ideally, the need for accessing data across all aerospace system (see item 9,
page 5) should result in the development of a single data base. This would
provide the user with a capability to retriLe information from one or an\
number of aerospace systems with a single computer query. The creation of a
single data base might have been accomplished by adding a data ite2; called
SYSTEM to the data base elements. This item would have then served as a
condition for retrieval. Data items unique to particular systems would have
been coded to designate tlem as empty cells on entries for other systems.
However, the nPed for protecting data having security classification and/or
proprietary stutus Isee item Il, page 5) requires that the integrity of elch
aernspace system data base be maintained. Access to the data system ' ust be
rigidly controlled to enforce the provisions of security and to protert
proprietary Infoi ation. To satisfy this requirement, three separate data
bases, one for each aerospace system, were created for the PSES. Access to
each is through the aerospace system name, e.g., ALCC. The technique for,
selectively accessing data from each of the three data base consents is
identical.

The creation of a separate data base for each of the three aerospace systems
prevents access of information across systems in a single query. Since the
organization of data is identical for each, qualified users can retrieve dat.
across systems by accessing eac& data base separately and repeatinq the sa-me
query statement on each. That the user must query each data base separately
to access data across aerospace syste.s does not present an appreciable prob-
lem, bt the process is inconvenient and tim* consuming. T ai the user, a

fourth data base was created, called INDE.X. This data base contains refererce
points to data contained in the three a-'ospace s-te, data b.ses. The cor,-
puter elements are similar to the system data bases, tcut unly - lique values
for the ALCC, C-5A, and Saturn are stored. Thus, whi'e a ra-ticular AFS "
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code Fy appear nuierous times in the ALCC data base (depending on the number
of tasks assigned to that AFSC), INDEX contains only one reference point to
that AFSC, This technique permits the user to determine, in one query, if the
particular AFSC in question has also been assigned to other systems. For the
PSES experimental data pool, a selected number of data items was used for the
INDEX data base. The data items are shown in Appendix V.

DATA PREPARATION FOR COMPUTER STORAGE

Figure 9 illustrates the overall activities that led to the preparation of task
data for torage in the PSES. The activities start with the development of a
standard input form and conclude with the storage of data on magnetic tape and
disc, as preliminary steps to computer processing of the data.

Input For-

As described previously, task information generated in support of the three
systems exists in a wide variety of physical for,.ats. They range from free
formatted analysis worksheets and drawings to highly formatted forms (see
Appendix 1). To assist in the extraction and organization of data, a common
format was required to record the data. A review of the data formats of the
Air Force, NASA, and various contractors was conducted to determine whether
an existing format could be used as a standard for the research. The formats
examined did not provide Vhe flexibility necessary for recording data f-nm the
three systems. Thus, a standard input form, based on the ten data elements on
page 19, was designed (see Appendix IV). This standard input form served to
compact the data from various locations in the generator's system support
formats into a central location, facilitated' the conversirn of data into stan-
dard 'nits, e.g., time into minutes and hundredths of minutes, and reduced
the time required to convert the data into computer acceptable form--key-
punching. The information recorded on each form was based on the data items
shown in Appendix V.

The process of extracting information from original formats was regarded as a
clerical operation, in contrast to the generation of data. Undergraduate
university students assisted in this operation. An informal training program
was prepared to acquaint the students with: (1) the content and use of human
factors task information with which they were to work, (2) instructions for
using the standard input form, and (3) thp guidelines for extracting informa-
tion from system formats. The data extraction guidelines for the three systems
are in Appendix VI.

Quality Control

After data were transferred to the standard input form, these forms were
examined for correctness. Spelling, abbreviations, and grammatical correct-
ness were verified. If certain items of data were missing from the input
forms, they were checked against the original data source to determine if
particular items of data were indeed unavailable. Terminology WaS standardized
as much as possible, particularly in the area of hardware information. For
example, the same hardware may have been designated "copilot instrument panel",
"copilot's instrument panel", and "CP instrument panel". All representations
of time were converted into minutes and hundredths of minutes.
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Vocabulary Control

The final step before keypunching the data was to determine if the descriptors
in the task statements adhered to the definitions in the controlled vocabulary
and the rules governing word usage describe., by Oller (1967). The rules and
standardized definitions helped to minimize the inconsistencies in meaning of
all terms, control the proliferation of syr iyms, reduce the loss of data in
the retrieval process, and avoid the iclusion of jargon in the data base.

Keyunching

After all corrections were made to the input forms, their contents were trans-
ferred to standard 80-column IBV cards to be loaded into LUCID, the information
storage and retrieval system used for PSES (see Section! III). General for-
matting rules for data to be loaded into a LUCID data base are presented in
Appendix VII.

Editing Routines

The single field number and value method of keypunching (see Appendix VII,
Page 141) was used for the PSES data bases and several short computer programs
were written to aid in the edition of the data. These programs made a check
for matching parentheses, missing field numbers and nissing entry terminators.

Cards to Magnetic Tape

After all preliminary editing of the data, the cards were prestored on mag-
netic tape. This task was performed on an IBM 1401 computer wV e the data
were stored at a density of 556 bits per inch. (This density is required for
use by the IBM AN/FS Q-32 computer, orn which LUCID operates.) The prestored
tape was printed for use in further editing and then sent to the Q-32 computer
room at the System Development Corporation facility at Santa Monica, Califor-
nia.

Disc Storage

In the Q-32, the data on the prestored tape were transferred to disc storage
by thr , of an on-line editing program. Further 'dit~on, where required, was
then red. At that time, the data were reaj!, to ie used by L!'CID (see
Sectior Il).

REORGANIZATION OF THE DATA POOL FOR TDMS

System Development Corporation is developing the Tirne-Shared DIa Management
System (TDMS) to operate on the IBM 360 computer (see Section II1). Partly
due to reconmnendations made by Potter et al. (1966) for using TDMS as a
further extension of the research on data handling, and partly as a result of
the PSES tests, the data pool was reorganized into a structure that took
advantage of the increased retrieval capabilities offered by TDMS.
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Data Organization

Other changes were made as a result of limitatior, discovered in the organi-
zation of the PSES data pool. Use was made of the hierarchical structuring
capability of TDMS. This capability enables the user to qualify and retrieve
data at a finer level of detail. To accomplish this, the computer data ele-
ment previously known as the TASK was eliminated entirely. The name TASK was
retained as the heading ot a group of elements that describe the man/machine
action identified i,, the TASK -A'MEMENT. All tasks performed within speci-
fied segments of' time were grouped in one entry and were identified by the
mission phase, mission segment, and time segment in which they occur. Ap-
pendix VIII contains the changed or revised organization and Appendix IX con-
tains the definitions of the revised data elements.

Data Preparation

Only C-5A data were reorganized for TOMS to illustrate the manner in which re-
organization could be conducted. The data were transferred from the original
input forms to a modified input form. Additional reference was made to the
original data sources whenever questions arose about such items as the be-
ginning and ending times of each task, After all data were transferred to
the new forms, they were keypunched, with minor exceptions, in accordance with
the rules presented in Appendix VII. The cards were then prestored on mag-
netic tape which were then ready for processing by TDMS.
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SECTION III

APPLICATION OF COMPUTER SOFTWARE TECHNIQUES TO STORAGE AND RETRIEVAL

INTRODUCTION

Research into the application of computerized techniques to the processing
of human factors task data (Potter et al., 1966) led to the establishment of
a number of requirements for a da .a handling system (see Section I, pages 4
and 5) and to the conceptualization of such a system. The proposed experi-
mental system was not required to possess all of the characteristics of 'he
envisioned operational system, but was reqUired to be similar enough in oper-
ation and capability in the major processing area to permit meaningful evalu-
ation of the techniques used.

The heart of such an experimental system is the information storage and re-
trieval processi.,g necessary to organize and maintain data within computer
storage and to retrieve the data in accordance v:ith the requirements. Be-
cause of the research characteristics of the PSES, it was not practical to
develop or use highly specialized information storage and retrieval tech-
niques that could not respond to changes in requirements as research pro-
gressed. Consequently, existing, general purpose data handling techniques
were recommended to provide the information storage and retrieval capability
for the PSES. Two specific generalized systems were recommended. The first
of these systems is LUCID (Language Used to Communicate Information System
Design) (Robert E. Bleier, System Development Corooration, TM-26?4/I00/00).
The second and m,.2 advanced system is TDMS (Time-Shared Data Management
System) which is currently under development (Vorhaus and Wills, 1967).

The LUCID system is described in detail in related research dccumentation
(Tulley and Meyer, 1967). Briefly, LUCID is a generalized data management
system developed by System Devebpment Corporation (SDC) under the sponsorship
of the Advanced Research Projects Agency (ARPA). It operates within the time-
shared environment cf a large-scale digital computer, the IBM/AN/FSQ-32,
located at the SDC facility in Santa Monica, California.

Many elements of LUCID are being refined and expanded into TDMS, also under
development by SDC. Though TDMS is being initially designed for the Model
65 IBM S/360 computer, the system can be adapted to increasingly sophisti-
cated versions.

Both LUCID and TDMS provide an off-the-shelf computerized capability for
application to problems that are not necessarily related but that share com-
mon processing requirements. The requirements center about the need to organ-
ize, maintain, retrieve, and present large volumes of data. Use of either
system does not require knowledge of computer or programing techniques, and
permits the devlopment of a data handling capability in a minimim of time
and training. This is accomplished without the cost of designing, developing,
implementing, and maintaining a special-purpose system.
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APPLICATION OF LUCID AND TOMS

The application of LUCID and TOMS to the handling of human factors task data
within the frameworks of PSES is viewed from the standpoint of the overall
requirements of the operational data handling system described by Potter et
al.(1966). Of the requirements defined in Section 1, pages 4 and 5, those
that relate directly to information storage and retrieval require that the
system:

* Provide for the storage, updating, and retrieval of human factors task data

0 Accept and output data in a form approaching user-terminology

* Provide a user-oriented query language

* Provide a data bank structure flexible enough to alow for future expan-
sion and inclusion of additional data elements

* Provide a data bank capable of frequent updating

* Be capable of retrieving similar information generated in support of dif-
ferent aerospace systems

* Be capable of selectively retrieving data elements by qualifying them with
other data elements

* Provide the user freedom in specifying the format of outputs

Each of these requirements is considered in the discussion thaL follows.

Storage and Retrieval

The successful application of either LUCID or TOMS to the storage and re-
trieval functions of PSES depends upon adequately defined and organized infor-
mation to be processed. Information selected for PSES consists of a pool of
operational and maintenance task data generated in support of the ALCC, C-5A,
and saturn development programs. The general information content of the data
pool is described in the Drevious section of this report.

Once the data have been defined and an organization established, the infor-
mation must be input to the LUCID or TOMS system. This is accomplished for
both LUCID and TDMS by informing the system of the uniquely identifiable
data elements that are to be contained in the data pool, the name to be as-
signed to each, the type of information to be contained in each, and the re-
!ationships between elements. Once this has been accomplished, the functions
of storing, updating, and retrieving information from the experimental data
pool may be carried out. Complete indexing of data for efficient retrieval
is assured.

Typical data elements established for LUCID identiiy: at what point in a mis-

sion a 'ask occurs, who performs the task, the lengt! of the task, and the
equipmne,,t used. Establishment of elements is essentially accomplished by
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determining the key task information for the three systems. Although each of
the systems contains similar overall categories of information (see Appendix II
and the element list, pages 19 & 20), the uniquely identifiable elements needed
to permit satisfactory computer manipulation of the data are not standard

across the three systems. They vary in accordance with the information content
of each systam and the level of data available for entry into the experimental
data pool. Por this reason and to protect proprietary interests by preserving
file integrity, three separate data bases were established within the experi-
mental data pool--one for .,ach system.

LUCID permits the user to move from data base to data base with ease and allows
the user to aply the same retrieval techniques to each. Appendix V contains
a list of the data elements used to describe each of the three systems. Ap-
pendix Il contains an alphabetized list of elements and their definitions.

Only data from the C-5A system were selected for entry into TDMS. The data
structure for C-5A was modified to take advantage of hierarchical structures
allowed by TOMS. Other changes resulted from evaluation of the LUCID data
structures (see Section II). Appendix VIIIis a list of the C-5A data elements
for TDMS. Appendix IX contains the definition of each of these elements.

User Termino2ogy

Ideally, the user of a data system should be able to access and receive infor-
mation in his own terminology. Queries that must be phrased or computer re-
sponses that must be interpreted through the use of handbooks or with the as-
sistance of a systems specialist defeat the purpose o" timely retrieval of
information. For the purpose of the research, user terminology is generally

considered to be the terminology employed by the generators of the task data
entered into computer storage. With the exceptions of the standardization of
the vocabulary used to express various items of information and the conver-
sion of all expressions of time into minutes, the form of data as received
is not altered before entry into the comouter.

For the mo .t part, information required to adequatoly express human perfor-
mance is highly textual in format, e.g., phrases and sentences, and requires
a processing system that can efficiently store and manipulate large volumes
of alphanumeric data. LUCID and TDMS are especially efficient in terms of
manipulating this textual information. This enables a user to qualify re-
trieval of information with familiar terminology and to retrieve program-
generated responses in a similar, readily interpretoole format.

User-Oriented Query Language

The purpose 0 a user-oriented query language corresponds closely to the ob-
jectives of the preceding discussion on user terminology. The intention of
a user-oriented query language is to enable a user to directly access the
data pool withoAt having to consult a systems expert or a detailed handbook
regarding system operations and restrictions. The more closely the Query
language approaches the terminology in which a user normally references his
data, the easier it is for him to use the system.
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LUCID provides the experimental system with a query language that is easy
to use and easy to learn. The vocabulary consists of relatively few commands
and modifiers, which can be combined to form highly selective requests for
retrieval of infonTation. TOMS provides the same type of language, though
it is slightly more detailed because of the larger number of operations TDMS
can perform. Requests are entered to either system on an on-line keyboard
console, and immediate on-line response is provided by the retrieval program.

When the data elements were established for each of the data bases in the
data pool, each element was assigned a descriptive name that clearly iden-
tified the information to be contained in that element. When formulating
queries, these elements are referenced by name to indicate, to the retrieval
program, the data to be retrieved and the qualifying to be done. A formulated
retrieval request is a readable, self-explanatory statement For example, to
retrieve tasks performed by the navigator during preflight operations of the
C-5A aircraft the query,

PRINT TASK WHERE (PERSONNEL TYPE) EQ NAVIGATOR
AND (MISSION PHASE) EQ (PREFLIGHT OPERATIONS)

retrieves from the C-5A data base a list of the tasks. The parentheses in the
query example are required by the LUCID retrieval program to delimit names
of data elements and data values that require more than one word to ex, ess.
This restriction does not exist in the TDMS retrieval program. The query
language for both systems also provides a method of using system-defined
synonyms when formulating retrieval requests. Use of the short synonym names,
usually two or three characters in length, facilitates the entering of what
might otherwise be lengthy retrieval requests through the keyboard of the on-
line console.

Data Bank Structure

The requirement to provide an operational capability to add and delete ele-
ments of data from the experimental data pool in response to changing system
requirements is recognized as a very real and difficult problem. Like up-
dating, it requires a sophisticated processing mechanism, as well as a man-
ual control mechanism to assure the proper and timely use of the capability.
Procedures must be provided, for example, to assure that users of the system
are aware that a particular store of data has been restructured. The pro-
blems of restructuring in an operational environment have not been fully ex-
plored during the current research.

Because of the controlled environment in which the PSES is exercised, pro-
cedural control of the restructuring necessary for the experimental data pool
during the course of the research was not a problem. The restructuring pro-
cess itself, however, was extremely time-consuming and involved. Even
though it was known at the onset that LUCID did not provide any automated
method of adding, deleting, or rearranging elements of data within the data
pool, the restructuring problems were considered minimal. Some restructiring
occurred as the research progressed and it became apparent that the magnitude
of this effort was clearly underestimated. The procedure that must be fol-
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lowed in order to restructure any or all of the data pool is to redescribe the
data base being restructured and to reenter all data for that data base into
storage in accordanra with the new structure. In some instances, large vol-
umes of previously prepared input data had to be completely redescribed be-
fore they could be reentered into storage.

TOMS is expected to provide much more flexibility and ease of operation in the
restructuring of data. The ability to add, delete, or modify elements in the
data base will be included in the defining operation of TDMS.

Update

The requirement for updating procedures in an operational data handling sys-
tem has not been explored in depth. Conceivably, updating will be required
on a nearly continuous basis tc provide reasonably current information Large
scale maintenance of data files as opposed to selective on-line updating in-
volving small changes, may be a regular occurrence. Assuming that the re-
quirements for updating can be established for an operational system, the
development of procedures to govern the updating is, in itself, a difficult
task. In an operational daLa system,it would be necessary to designate in-
dividuals to assume the responsibility for the updating and for deciding how
it should be conducted.

Requirements for updating information within the framework of PSES are more
clearly defined. Because of the unscheduled manner in which data are re-
ceived and made available for entry into the data pool, the experimental sys-
tem must be able to add small or large volumes of new oata to the pool. A
provision is also required for the correction of errors that are undetected at
the time the data are entered into storage.

The updating capability of LLICID satisfies the requirements of the experi-
mental system. An on-line updating function )ermits rapid correction of
errors and handles dletions and additions c' small volumes of data. TOMS
will e-so provide an updating capability -1a a larger scale maintenance capa-
bility.

Cros s-System Retrieval

One of the primary requiremrents of an operational data handling system is to
provide the capability of retrieving data from various aerospace systems con-
tained in the data pool. This particular capability requires that adequate
procedures be developed and imposed cn the data system to assure that pro-
prietary restrictions are respacted and that only authorized personnel have
complete cross-system access.

The framework of the experimental data pool was created so that system data
are arranged and maintained separately, each in its own data base. Poth the
LUCID and the TDMS retrieval mechanisms prmit access to one and only one data
base at a time. This is not considered to be a r-estriction but rather lends
itself to the operational concept of controlled access to the individual sys-
tem data bases. Since the data pool for the PSES was developed for experi-
mental purposes only, oroprietary constraints were not imposed on the system.
Application of the operational system t would require restrictions on
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the use of the various data bases.

Since LUCID permits access to only one data base at a ti.e d',ring retrieval,
cross-system queries must be conducted serially. This does not present dif-
ficulties, provided the user knows which data bases to query. If, for exam-
pie, preflight tasks across all pertinent systems are to be compared,
it would be helpful to select _jiy those systems actually containing pre-
flight tasks. It would be meai 'nq_ - to pose nueries to totally unrelated
bases during the course of retrieving the desired data. , order to facili-
tate cross-system queries, a special index data base, INDEX, was developed
(see Appendix V ). This data base provides an insight into the data content
of the system data bases. Queries asked of INDEX usually result in a list-
,ng of system. For example, "What systems contain preflight tasK ?" would
provide a list of all qualifying systems. The data bases .-n then be queried
on an individual basis for more detailed information.

TDMS w',ll operate like LUCID, selecting cne data base at a time. While only
C-5A data have been converted to TDMS format, as more systems are added to
this data pool, an index data base such as the one relating to Lne LUCID data
pool would be established.

Selective Retrieval

It is esse'tiai for the user of the operational task data handling system to
be able to adequately express his needs for information to the system. This
requires: (1) the ability to qualify retrieval with ertain coiitions, and
(2) the ability to indicate the exact information to be nresented after
qualification has taken place. Either or both of these points can be ex-
panded in complexity to permit the retrieval of one or more pieces of data
depending upon the existence of one or more sets of conditions.

The LUCID system permits users of the experilental system tO quaily on and
selectively present information from any and all data categories tr-t exist
in the data pool. Due to its completely cross-indexed data arranoement, al
data categories can be qualified upon or ret ieved for output purposes with
relatively equal processing. In addition, AND/OR loqic can Oe used to cc-
bine 4ualifying expressions. A complete set of relatlonal operators (equal
to, not equal to, greater than) and limited mather-t cal operators (sur,
maximumr, minimum) are availablc.

TDMS allows the same options as LUCID with the addition of certain mathe-
matical operators such as exponentiation, multiplication, division, ard
negation. Although retrieval can be ielectiely accomplished on the basis of
data contained in any and all data cateqories defined within the framework of
the experimental data pool, a problef" exists regardinq selectivity. The
problem is not directly related to the retrieva, cabability of LUC?, buL
rather to the content and organization of the LWI 1D data pooli tseli., in
order to expedite the oreparation of data for entry into thE data ocol, th
finer levels of human performance were treated as qroups of actions necessa rv
to pierform given tasks ratner than treated as indivicual actions. The result
is that some dgree of selectivity is lost by the inabi'itv to Quaiifv on
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these individual actions. The actions can be retrieved as a group, but not
individually. Tnis limit'tion has been removed in the data basc for TDMS,
Information here may be ,ieved to the level of inividual action.

User Controlled Output Format

The operational task data handling system is in~tended to be of use to per-
sonnel representing a variety of disciplines and -kills. it is desirable
that each of these individuals or groups be able )control the format of

retrieved data in order to satisfy their own r rticular output requirements.I
A sophisticated user-control led output czpabi i ity -natles retrieved data to
be arranged in the form of finished reports, summaries, etc., that would
ideally contain titles, headings, p~ge numbering, variable spacing and line
control, security classificaloons, and so forth.

The LUCID system does not provide an elaborate formatting capability. The
limited capability tnat it does provide, however, is considered to be ade-
quate for the purposes of the PSES. The normal LUCID output format consists
of ore (,, more lines of retrieved data printed on the teletype, with infor-
ndtion continuing from line to line. An optional blocked format is el pro-
vided that generates blocked, tabular output, including headings. 11 de-
sired., rptripv~il informa1U~n can be wr'tter on magnetic tape for of,"-1ine
printing rather than direct teletype printing.

TDMS contains a more sophisticated formatting capability allowing the user to
specify number of lines of uninterrupted output, spacing, level of data to be
retrieved, and an jled, columnar, or unblocked out-Lit.

0JIDE.S_-IR PSES

There is a need for some tool to instruct and 3ssist Potential users in the
operation of tne PSES, Such a tool muSt con Lain all instructi-'1s necessary'
for the operati on of "he comnju ten proqYran1s that cofuori se PSES. An attempt
to meet this need nas been 7-1de hv ,,: preoaraticn of both user's and a
control rsOperatin' nuide "Redrd-on, 196S'.

instructions for both Quides cover- the followinq areas:

* Qer-, on., remotk,)e te-rinil s

* s~lihi~ c-cnunication w, h each of The computer Oroo,-rjms of PSES

r or7ulatino user nopufs to eacni oT the computer ;3rok4rai-s

* nter,-reti n4 OU*ti-W 'rc- corpa

*Rec-overv -c'ocedures t--- be 't.Aen Then e' tner use , or ,)roQr&a: error,, occar
duric orxirn pe-.ti~in-

heth user s, and the (ontr-211lerl ouills -rovide instruction for thie oopec-
wtcn- of ',he fn'~in softCware co'noonen tS.



S ine-Sharing Syste_ _-- Instructions are given for establishing .nd ma;n-
taining communication with the Time-Sharing Systenm via a teletype console.

S uerying the Data Base -- Instructions are iven for data retrieval and
data man _u -aTn.

* Current Awareness -- Instructions are given for establishing a user profile
indicating data interests and for .matching the profile against new or modi-
fied data entering the system.

In aoditior to the above areas, the user's guide contains a section describ-
ing the PSES data pool. This des-ription lists the data elements for each
data base, defines each data element and describes the structure of each data
base.

The controller's guide contains, in addition, instructions in the follewin.:

Describing the Data Base -- Tnstructions are given for establishing a
description of a new oata base.

Loadisng the Data Base -- instructions are given for loading dala into anew daabase.

SLotdinq the Data Base -- Instructins are givE" for both smallt scale on-

line-updatingar-,d for the updating of large volumes of data.

Both guides are tabbed for easy use, 'ain many illustrative examples, and,
where applicable, contain actual samn of input and output opoosite these
examoles.

qCURITY AND PRIVACY

The problems of controlling classified and proprietary information have not
arisen in the PSE"., H.ever, these problems would be a source of concern to
everyone involved in an operational system. For this discussion, 'he term
"security" will be used to refer to the storage, maintaining, retrieval, and
Lrarsmirssior of Department of Defense classified data in an operational data
handling system. "Privacy" refers to similar handling of data which a con-
tractor or the government may wish to protect from the unauthorized observa-
tion of other contractors or users, For both categories of information, di-
vulgence could cause serious or grave damage, either to the country or to
private contractors.

In an operational data .ystem, both classified and private data are to be
handled in the same system; therefore, protection if both types of data
must be handled similarly. Steps must be taken to establish, maintain, and
protect the desired security and privacy level in the following areas:

P ?hysical

* Personnel
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Comrunications

S)ftware

Regulations for personnel and physical security are well established by the
National Security Agency.

Both th:. security and privacy requirements demand secure communication cir-
:uits. Various devices exist to provide secure lines of communication be-
twzer remote terinals and the computer. Cryptolraphic equipment is avail-
able to safeguard against the accidental or surreptitious divulgence of
informatin. Detailed information on such protection can be obtained from
the National Security Agency if a need for such information can be estab-
lished, e.g., a military contractor who has an authorized need to know.

in addition to providing for control in the areas of physical, personnel,
and communications security, the following principles should be observed to
obtain securitv and privacy with software:

* The computer must operate under a monitor approved by appropriate authority.
The monitor acts as the overall guard of the system, and prevents access
to sensitive information by unauthorized users and operators.

The computer must have adequate memory safeguards and privileged instruc-
tions. These are needed to limit user programs that might be damaging to
another user's progra,,,.

The computer must have appropriate physical security to prevent local
override of the monitor.

- All significant events (equipment malfunctions, unauthorized usage, inter-ference, co:m=unications breaks or changes) should be recorded by thecomputer and the operating personnel.

* Operating personnel must be cleared to che appropriate levcls.

* Every user must be subject to common discipline and authority.

When an operating system involving cldssified and private data is to be es-
tablished, detailea investigation into these areas will take place and the
results of such an investigation will be implemented.
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SECTION IV

CURRENT AWARENESS

INTRODUCTION

One of the requirements of an operational data handling system (Section I,
page 4 ) is that such a system must provide for current awareness notifica-
tions to qualified users. Notifications would enable the user of the system
to remain aware of the current status of data of interest to him without
havinn to continuously query the data base.

A current awareness function notifies the user whenever data of particular
interest to him are modified or when new data in his area of interest are
entered into the system data pool. Areas of interest are expressed by con-
trolled word lists or profiles. The profiles are automatically compared
wiz i.- data and, if favoreble matches occur, notifications are auto-
matica!ly - ated.. '!:,tifications contain only that information necessary
to orovide a user wiith - sential elements of the data input to storage.
Y , ier i interested in obtaining more information than is provided by a
notification, the retrieval function of the system is used to obtain the new
data.

A current awareness capability was developed for PSES to illustrate the
overall concept as visualized within the framework of an operational data
handling system. The current awareness techniques thus developed consist
of two computer programs. One program is responsible b,;r building profiles,
The other perfcrms the matching operation between these profiles and data
to be entered intu the data pool and generates notifications as appropriate.
Both of these programs operate within the time-shared evnironment of the
AN/FSQ-32 computer.

PROFILE BUILDING

Development of user profiles is accomplished by program BUILD (see Appendix X).
BUILD accepts, as input, data values associated with select data categories.
These values indicate the areas in which a user is interested. Interest can be
expressed at broad or narrow levels, depending upon the values supplied for the
various elements.

Because the matching process compares profiles with data being entered into
the data pool, categories used to express profiles are identical to the ele-
ments used to define an entry within the data pool as described in Appendix X.
The categories used for profile development are:

SYSTEM (Indicated data base to be used)
MISSION PHASE
MISSION SEGMENT
FUNCTION
PERSONNEL TYPE (AFSC and NASA personnel designators)
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Profiles are developed in a conversational mode from a remote console. BUILD
provides options to the user and the user supplies appropriate responses along
with the actual data values that are to be used for comparison during the
matching process. It is not necessary to use all categories when developing
a profile, but all data values supplied for MISSION PHASE, MISSION SEGMENT,
and FUNCTION must exist in the corresponding elements of entries being entered
Into storage before notifications will be generated. For the categories
PERSONNEL TYPE and HARDWARE INFORMATION, BUILD accepts multiple values, any
one of which may match and cause a notification, provided that favorable
matches occur in the other categories as well. Thus, as in the first profile
in figure 10, both hardware items, "throttles" and rudder", are listed as
being of interest. Any entry in which either or both of these items of hard-
ware are used is considered acceptable, if all other qualifications for the
other categories are favorable. The output of BUILD is a sepa, 4 -  51le of
information for each profile, each identified by a user-assigned name.

Figure 10 illustrates a typical run of program BUILD as controlled at an on-
line teletype terminal.

PROFILE MATCHING

Profile matching is accomplished by program MATCH. The program is operated
from an on-line console and accepts as input the names of the profiles that
are to be processed. The profiles are located in storage and compared, in
turn, with a predefined block of task data slated for entry into the data
pool. Matching consists of comparing values specified in the profiles by
category with values contained in the same elements for Each entry of the
block Gf input data. For each entry that meecs the specifications of the
user's profile, a notification is generated on-line.

Notif cations include the following information:

0 The system with which a qualifying task is associated

0 The name of the task

0 An entry number for the task (Each entry is manually assigned a uniquenumber as it is prepared for entry into the data pool. The number can

be ,,sed es an identifier to obtain more information regarding the entry b)
use of the normal retrieval function of the PSES.)

* The type of entry (new or modified) ("New" implies that the task is being
entered into the daia pool for the first time. "Modified" implies that
the task already exists in the data pool and is being replaced as a result
of a modification. Information about the nature of the modification is
briefly outlined in the netification.)

Figure 11 illustrates a typical run of the program as controlled at an on-line
teletype terminal. Three notifications are shown.
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ENTER PROFILE NAME ENTER PROFILE NAME
PROFLI RCFL2

LIMIT SYSTEM? LMIT SYSTEM?
YES YES

ENTER SYSTEM ENTER SYSTEM
c-5__A C- 5A

LIMIT MISSION? LIMIT MISSION?
YES YES

ENTER PHASE ENTER PHAE
PREFLIGHT OPERATIONS FLIGHT OPERATIONS

ENTER SEGMENT ENTER SEGMEN'1
TAXI NONE

LIMIT ",UNCTION? LIMIT FUNCTION?
NO NO

LIM:T HARDWARE? L:l:IT HARDWARE?
YES NO

NAME #1=THROTTLES LIMIT PERSONNEL?

NAM #2=RUDDER YES

NAME #3=END 
#CODE #1=60570

LIMIT PERSONNEL? CODE #:2D
YES

PROFILE COMPLETED.
CODE #1=1055Z ANOTHER PROFILE?
CODE #2END NO

PROFILE COMPLETED.
ANOTHER PROFILE?
YES

(a) (b)

(Underlined words are sample user eotries; all others are program generated)

Figure 10. On-Line Development Of User Profiles
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ENTER PROPtLE NAME
PRO 1 Il

STANrBY

NO MAWICH

EN7Th PROFILE NAME

PROFL2

STANDBY

1) SYSTEM - C-5A; TASK - SET ALTIMETERS

ENTRY # 200; TYPE - NEW ENTRY

2) SYSTEM - C-5A; TAST, - PERFORM i0,000' CHECK

ENTRY # 205; TYPE - MODIFIED ENTRY - LOADMASTER INCLUDED IN TASK

3) SYST.W - C-5A; TASK - COMPLETE CRUISE CHECKLIST

ENTRY # 218; TYPE - NEW ENTRY

MATCH CONCLUDED

(Underlined words are sample user entries; all others are proqloam generated)

Figure 11. On-Line Generation Of User Notifications
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-COMMENDATIONS

Certain steps remain to be taken to provide a more useful current awareness
capability.

Investigation should be conducted to determine the categories of data the
majority of users wish to use in specifying data of interest, The inves-
tigation could be conducted either by questionnaire or personal interviews
with potential syste- u-rs. The profile-building program can then be fur-
ther developed to reflc :t t,,ese user-interest areas.

The profile-matching program should be modif ed, allowing the user to specify
either n-line or off-line modificatiuns.

Procedures governing the operation of the current awareness function should be
integrated with those for Aie periodic updating of the data pool. Since the
current iwarenesi function operates on data to be entered into the data pool,
its Ope-ation s A,'2 takc plac. in the same time period the updating is per-
formed.
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SECTION V

VOCABULARY STANDARDIZATION AND THESAURUS DEVELOPMENT

INTRODUCTION

The establishment of methods and techniques for controlling vocabulary is a
necessary function of any computer-based retrieval system. The standard-
ization of vocabulary is but one part of the overall research that 15 based
on th assumption that a user-oriented computerized data handling system
will ielp draw human factors specialists and others involved in system
ieveiopment programs closer to needed data.

Human factors task data generated in support of the ALCC, C-5A, and Saturn
programs were used to generate the experimental data pool. To keep term
prolileration to a minimum while establishing the data base content, a means
was sought to maintain adequate control over the vocabulary. One of the
most used tools for vocabulary control is the thesaurus. It is designed
oecifically to alleviate term proliferation through synonyw, control. The
thesaurus allows the data user to assign terms freely, but establishes
acceptable terms to facilitdte retrieval. These terms are used as descrip-
tor- when retrieving data from computer storage. (An acceptable term is
,ne at is assigned as precise a definition as the character of the word
permit An authorized synonym is a term having a meaning identical to or
very si ilar to a particular acceptable term.) Care must be taken to select
synonyms that are synonymous with only one acceptable tern.

Two relatt' fun:tions of a controlled vocabulary are to avoid indexng iden-
tical terms of information under different descriptors and to assure that
all information retrieved under a given description is related. When these
Functions ire rot fulfilled, available data are denied the user and unwanted
fforrati ir is retrieved. The more related the meanings between descriptors,

t'e greate, the care that must be taken to assure that the data are properly
i rr -d.

?HFS., MS DEVE, IPMENT

A dt tailed discu-sion of the methodology and developmental process that led
to the velopmen of a human factors thesaurus was reported in Oller (1968).
In it, pres,,nt foni, the thesaurus consists of a glossary of verbs and nouns,
rules governing tht. use of grammatical categories, and indexes designed to
assist th user in iaking an appropriate choice of terms. For any classifi-
cation scheme to function successfully, all qualifying terms must be clearly
oe'ined iri all tetms must be mutually exclusive. Without this clarity, the
intiexers vill be confused about where to file an item of information or a
related ser es of infonration. A controlled vocabulary is imperative for
task data bases because tney cover a wide range of subject matter and po-
tentil u:;er- have diverse backgrounds and different information requirements.
lne cntro,let vocabulary must be general but at tY- same time provide the
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capability of expressing a wide range of concepts. Basically, the controlled
vocabulary provides the user with predeterined series of defined terms to
describe the items in the data base. By providirg the user with standardized
terms for which the meaning is clearly understood, loose and inconsistent use
of terms 2an be eliminated. The controlled vocabulary reduces the problem
caused by synonyms and multiple meanings for a single term by assigning only
one acceptable tm for each concept. A cross-reference index of acceutable
terms is provided to aid the user in selecting proper terms if assistance ir
required when requesting data. A glossary, containing all descriptor-, ic
included as part of the controlled vocabulary. The definitions of all de-
scriptors are controlled by the gloasary. Both the cross-reference index and
the glossary are arranged alphabetically and are separated into grammatical
categories. Cross-reference indexes of acceptable terms and their synonyms
are included in the thesaurus to assist the users in selecting a proper de-
scriptor when there is uncertainty regarding the acceptability of a term under
consideration. Accompanying the controlled vocabulary is a set of rules that
govern usage of various grammatical categories and punctuation. Th- vocabu-
lary and rules for usage have applicability beyond t, , expe rmental data pool
and should, with minor modifications, be applicable to most dat4 pools con-
taining aprospace system human factors task data.

The individual components of the thesaurus are examined and the developmental
work is described in the paragraphs th'at follow. Computer assisted capabili-
ties for tnesaurus control are also discussed in terms of constraints of the
Time-Shared Data Management System (see Sect,-n III).

Action Verbs

To develop a -controlled vocabulary capable of adequately expressing task state-
ments in a precise, distinct, and unambiguous manner, it was nec~ssary to ao-
ply effective control measures on action verbs. Action verbs e~prpss a par-
ticular form of action, e.g., "operate", "monitor", and "rotatp'. as opposed
to verbs that express only states of being and the qran~matical 2,tcnditions of
number, person, and tense, e.g., "is", "am". are" 'was", and were. It i,
imperative to control action verbs since they express the actior, in task
statements. The lack of standardization bewween systems and incorsistencies
within systems in the use of action verbs was found to be so extrene that it
was frequently necessary to rely on the context in which verbs icpeared tn
clarify their meaing. Often, human actions .,re exnressed by verbals (forms
of verbs that function as nouns or adjectives) rather than by verhs tack
of standardization presents difficulties in the extraction of data fhr non-
automated systems, but are intolerable in a cciputeri.ed fact retrieval svs-
tem where the need to qualkfy on individual descriptors is a basic requirement.

Listed below are the sewiential steps taken in the development of a controlled
vocabulary of acticn verbs:

(1) The initial step was to extract all action verbs (incJ. 3inq vertbals! that
app, ired in thc data for ALCC and to record the frequency of occurrence
of each.

(2) Based on the frequency of usage, a tentative iudqerront was -,,de of whicn
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verbs were synonymous.

(3) To Keep the verb list within manageable limits, certain types of action
verbs were excluded. These exclusions did not limit the types of actions
that can be expressed. Specialized verbs -ere eliminated because the
same concept can be expressed adequately and succinctly by a generalized
veb plus the noun form of the specialized verb, For example, "chock
(specialized verb) wheels", can be expressed by "place (generalized verb)
chock in front of wheels". No verbs with the prefix "un" were allowed,
e.g., 'unscrew'. The same concept can be expressed by phrases such as,
"remove screw". Compound verbs formed from a noun or adjective were also
excluded. This type of verb is generally hyphenated, e.g., quick-freeze
or force-fed.

(4) A tentative selection of acceptable action verbs was made on Lne basis
of the highest frequency of occurrence.

(5) A tentative seiection was made oF t,?rs thaL were at least partial syn-

onyms to one or more of the previously selected acceptable terms. These
were retained in the synonyn list, tne others w"-e discarded.

6) Acceptable action verbs were carefully defined to -eflect their most
prevalent usage in task statements.

(7) A decision was made to express ali action verbs in the present tense,
indicative mood. The present tense was chosen because it is used to
make statements that ere generally true, without reference to time. The
indicative nood was chosen necause this is the usual form of an action
verb in ertences or clau.,ses that present facts or make statements.
(Subsequent evaluation proved that all actions occurring in the task
stateni-ents could be satisfactorily expressed in this manner.)

(8) The definitions of the acceptable verbs were examined (itern 6. above)
to insure that no acceptable verb was a synonyrn of another. This pro-
cess was conducted to eliminaLe possible oversights that co,Id rerlt
in acceptable verb redundancies.

(9) Additional synonyrs that were not in the task staterments, but which are
in common use, were added. These terns were obtained from specialized
glossaries if ter-'s end frci standerd dictiona-ies.

10) After the acceptablt actior verb, and their synonyms were st ndarize,1
for ALCC data, the list "as applied to C-$A data. Necessary additions
and odifications were made to satisfactorily express a wider ranQe of
task s.itele'ts. The second system required only an q to !IO% change
in,,ainlv additions) to tho oricina, list. These changes allowed the verbt_
to satsfactorily express all actions contained in the task stater*ents.
Aft,r the verb list :,is standardized for two of the systers. it wes
applied *.: the %aturn data. A change of less tnan qi s required to
adequately exr-e ss all action contained in the Saturn task stateents.
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odi,. the s ope "f a cc&rt a tD v Prhr to )i arwr1tp o ther ae r oare ss +~ a
For example, since none of the n,-hee,- syste~ms ued were weapon .ve': ,cti'

verbs, such a "ire', 'arge", and "tr ack" would need to be added.

A cross-reference index of action verbs ard their authorized synonyms was
developed to assist the user in quickly determining whether an acti'on verb
une, rconsideration is an acceptable term or an authorized synonym. Once an
acceptable term is selected, reference must be made to the giossary for thc
precise meaning of the term. if the selectr term does not provide the iean-
ing desired, the user may refer back to the index or examine thK glossary
directly to locate an appropriate term. The cross-referen,.e index of verbs
(accepted and synonyms) is arranged alphabetically. Acceptable verbs were
designated by the letters "AT and synonyms by the letter "S". Acceptable terms
having synonyms were listed opposite the synonym. This form provides quick
reference to acceptable terms. -s illustrated:

Finish (S) ------------------------------- Complete (AT)
Fly (AT)
Follow (AT)
Furnish (S) ----------------------------- Provide (AT)

A second index contains all acceptable action verbs having synonym s. The list
was arranged alphabetically by acceptable verbs with the synonyms listed di-
rectly below the acceptable 'Vrbs, as:

Check AT
Acknowledge S
Confi rri I
Verify S

Close AT
Seal S
Shut S

This list provides a quick reference to acceptable verbs having synonyms.

Nouns

The ncuns in the glossary were drawn from task staLements by the same method
used to conpile tne inltlai list of action verbs. Since the nouns weredrawn from task statements, they were not restricted to hardware identifiers.

They encompass a wide range of persons, places, things, qualities, a " n,
and ideas. To give the list greater applicability over a wider range r
aerospace systems, system-specific terms were excluded. A glossary of system-
specific nouns was recommended to insure the understanding of such terms.
There were two primary reasons for compiling glossaries of acceptable nouns:
(1) to provide the user with a convenient source for determining the meanings
of nouns ne is uncertain of, and (2) to assist the indexer in selecting the
proper term for indexing an item of data. It also acts as a control device
against the proliferation of synonyms.
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**4 -*'r A ir

]!If v ~, rvs ,r nouns . l] thou;h . uch Ist wOu d b e use fu r edu c
the r iferati .of term2, the specific nature ot most of the nouns .recljde

the u',e of or slverlv limit the number of synonyms. Nouns, iki k "ai rcraft"t
.,aving a number of synonyms, e. , "airplane", "aeroplane". and "plane", are
the exceptions rather than the ;-le. !n contrast to the generalized meaninq
of action verbs, the mea;ings of most nun are scci fic to aerospace systems

Abbreviatiuns

A list of abbreviations was compiled by extracting all of the abbreviations,
including acronyms. occurring in the three systems composing the experimental
data pool. Many of the abbreviations contained in the list are not in stan-
dardized lists of at~reviation, snce they often represent a convenient
shorthand used by data generators. Care was exercised in assigning meaning
to abbreviations because many had multiple meanings. The list rrovides the
user with a rf.ference to the acceptable meaning of the aobrev .... d terms.
Most of the abbreviations should be eliminated and replaced by the full terms.
Abbreviations result in far more confusion to the user than car, be justified
by the shorter fcni of expression. The only abbreviations that might be re-
tained are those whose most frequent meanings are already standardized, e.g.,
"CPS" for "cycles per second", or when tne meaning is known to a large seg-
ment of the user population, e.g., "IFF/SIF" for "Identification Friend or
Foe/Selective Identification Feature."

Punctuation

Due to the special meanings assigned to punctuation marks by the computer
programs, it is necessary to keep their use to a minimum in or surrounding the
descriptor. it is necessary to enclose compound nouns, such as "pulse am-
plitude modulation" or "rotary switch" in parentheses (or similar techniques)
so the program will recognize them as single descriptors.

Pronouns

Pronouns are prohibited. Pronouns dre words that represent a person or thing
or idea withou* naming it. Normally the meaning of a pronoun is comoleted by
referriny to a noun (called an antecedent) that names the person, thing or
idea previoilv 'isd. This form of identification in a fart retrieval system
is uiac%, l ," % .; Wm.l ' .: O_- Ievea
cannot be predetermined. Therefore, the computer cannot know what the ante-
sedent of a pronoun is.

Adj e c t i ves

Although adjectives were not eliminated, they were relegated to a position of
little significance. Little need exists for words that make the rT.:nmings of
nouns nre precise because the nouns are alreidy precisely defined. Also,
compound terms such as "qround support equipment" are considered as single
nouns, instead of two adjectives ";round" and "support" modifying the noun
"equipment". This convention was adopted so that compound nouns would be
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Since the action verbs are precisely defined, there is no need for woro, thdat
modify verbs. Adverbs may appear incidentally in the context of retrieved
data, but will never be used as qualifiers for, requesting data from computer
storage.

AUTOMATION OF THE HUMAN FACTORS THESAURUS

The research work associated with the development of the human factors data
the-aurus has revealed that it is possible to partially automate thesauru;s
functions within the constraints of TDMS (see Section III). A computer
assisted capability for thesaurus control would provide the user with uselfl
assistance wheo making requests by reduring the amount and frequency of
reference to the hard copy thesaurus. The vocabulary of acceptable ter'ns,
their definitions, authorized synonyiis, and rules for usage would be in corn-
pute, itoraye. A discussion of the proposed system and the rationalization
for its structure follows.

Accetable Verbs
Al verFFs an-teir z ociated definitions are tored in the compuLtr. Th-
capability exists to retrieve only the acceptable verb or both the acceDt-
able verb and its associated definition. Depending on the type of request,
one term or the entire glossary of action verbs can be retrieved.

O Authorized Synonyms for Action Verbs
Thcrss-ceieo-f synonyms and acceptable terms is crganized so
that, depending on the request, any one part or all can bc retrieved from
ccwputer !;toragc. Wheia a user is unccrtain if a particular dation verb
under consideration is an acceptable term, he requests the answer from
the computer. If the term under consideration is an acceptable term or
authorized synonym, the acceptable term and its definition are printed out.
The definition is included so the user can make certain that the concept
is the one he , to express. This feature is necessary because,
in common usage, the same word may have several meanings and may be a

synonym for several terr":. If the term under consideration is T_-t an
authorized synonym for an acceptable term, the printout will so indicate.
The user must then make additional requests ,,ing words h considers
synonyms for the original term to locate the desired term. Or, he may
speed up the process by referencing the cross-reference index of action
verbs for an indication of an acceptable term. If both methods fall, the
user then examines a copy of the glossary of acceptable verbs to locate the
appropriate action verb.

Rules Regulating Action Verbs
'rh tm ta d recommended rules governing the usaqe of action verbs are
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P 1r Or- .!'

i r ~ fa~ta~ wprp t thp ( omputer, an-!
o ; wrr1 w rvy ar _3cceptao le vprb or, -ni tense, wa nis-

~;e' ~ ha ans n the end, or was a gerund, input would he re-
cte. anwj an mor Pies,. ie enerated , i ndi'ca tilng 'e first word was no't

ar acceptable term. On the other hand, if the first .- 'd of a subtask
was an acceptable tem, but not an appropriate termn for expre~sing the
action described, the program would bc u'iable to detect tne rror- Errors
of this nature must be detected manualiy. If an additional accept;1ble
?ction verb, authnrized synonym, or invalid synonym were to appear within
the conte.,.t of the subtask statement, it would go undetected by the pro-

Ssioce it recognizes only the first word in 3 task or subtask state-
ment to be an action verb. The actions described by verbs aooearing with-,
it- the context of the statement are lost since they cannot be selectively
rotrie.-ed. This type of error also requires manual detection for correc-
tive action.

*Acce talE Noc-uns
Acpdb~ ity must exist to either retrieva the acceptable nouns separately,

or with their associated aefinition. Depending on the type of request.
single terms, or the entire glossary of ac-ceptable nouns must be retriev-
able,

When a new noun not having ar authorized qvnonni occurs in the data to be
indexed, it can be added, wiith approval b, -he info-nation specialist or
some other responsible person. In order for a ne. noun to be added to the
cilossary of acceptable nouns, it must first be adequately defined.

*Cross-Reference Index of Acceptable Nnuns
T ei _P61 b1 I n s a-ndj__F ther aut"-ho r Ized sy rooyim i s s tru ctu red
so that any one part or all can be retrieved. if a user is uncertain
whether a given noun is an a-ceptable term, he cain query the Computer for
the answer. Assuming the noun to be either an acceptable noun or an,
authorized synonym, the acceptable noun and its definition are retrieved.
The definition is included so the user can determine if the noun expr~es-
ses the desired concept. If the tern under consideration is neither an
acceptable term or authorized synonym, the computer generates an error
nmesso3p~ or simillar response. !he user may then choose to make additional
requests using terms he considers synonyms for *6- nrqii'4 tprm, to

i~. Ithe proper ac~eptable term. if both of tfiese approaches fail, the
user musJ-t examine the glossary of nouns to locate the desired term.

*Rules Re u latinj Acce ptable Nouns
The'ruTes 4qoern 77 ge 6TacceptablIe ncuns Must be organized so that,
depending on the t)pe of request, the user can retrieve any one or all of
the rules.

*Pronouns
Tinasmu75h as pronouns are prohibited, their ina Ivertent u ,e will either re-
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'j *.o'e &d -Jl bv the co!qputer programs ,For
3,Tciai r i -r aq~e fiinerated if a user inrp uts the pronoun "he"

~t r~,etr c; ia a l asik rerformed hv the pilot. I e error messace
,ndicates th at this term is no(,t a val id descriutor, because i-is neither
an acceptable nouni or an authori zedI synonym.

Adjectives
TresCenfl7y_ there is no need for automated ,ssistance ir handling adjectives,
since they are rot u sed as qualifiers dujring retrieva'. 1his condition may
change with the application of faceted classification, I-' this c-lassifi-

cation scheme, attributes are one _'the facets or fundamental points of
classification ( see Section VI1). Adjectives such as "simlultaneous" and
'synthetic" may be used to express coapon attributes. If automated as-
sistance for handling adjectives becomes necessary, it shculd take the
samne form used for action verbs and nouns.

*Adverbs
77t7 7isno need for either qiossary or rules go--,. rung adverbs since they

are nLut recognized by the programs. If an adverb is inadvertently used as
a qualifier, an error rie ;sac Is generated indicating that the tetip is, an
invalid synonym.

* Abbreviations
TR~eaceptabTe abbreviations and Their reaninn-s must be organized so that
any one or all can be retrieved.

9 Rules Requlating Abbreviations
When an dunthiorized -abbraviat-aion is used, the printout must indic- te that
the abbreviation is invalio. me user must then apply the unabbreviated
term because no synonyms for abbreviations exist. 'n all intn.,the
full term can be used, even when an aulthori7ed abbreviation exists.

* Nomenclature Codes
A c-apabil1ity mu-z exist to retrie~e any one or all nomenclaturv. codes from
the computer storage, depending on the type of request made. This allows
the user to request hardorre data by name or by any appropriate desiqnator,
such as a federal stock nu her, AN designator for electronic equipmfent,
or Departmen. of ii.fense uniform designation for missiles, rockets, and
aircraft. 111 is also poSsihbp fn r~ni1P;t the appropriate designators for
qiven units of eq!'-ipment. If :: user requests data on a unit of equipment
iy a -~dar ode and reccIves a reply that no such number exists, h':
then quests the data by the equipment name.

Th~Fganlation of the _file must be such that any one *-r all of the rules
can be retrieved, depending upon tho type of request made. Mistakes in
punctuation can result io serious errors, but these are usually determined
manually. It is necessary to enclose compound nouns 4n pairentheses (or
similar technique) so the computer can recoqnize them as single descriptors.
Failure to use parentheses can result in errors and still be legal. For
examole, when data on "Doppler radar" is requested and the ter is not
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enclosed in oarentheses, da'a all tvoes of radars are recovered becauwe
radar is a valid descriptor L,, itself. " c. Doppler" is not. If terms,
such as ',estimated ti'rc a rrival are not enclosed in parentheses, the
request is ;e.ected and an error message generated indicatinq an invalid
tcrw. This is because nnn nf tho~ fr.;;.' words ;,- the izoupvun,] term are
tnemselves va'iid descriptors. Manual quality control must be exercisedI
when~ loading the data base, because the failure to enclose a compound
term likz- "Doppler radar" in parentheses results in the partial loss ofI

S UMMA RY

The activities that led to the development of vocabulary controls for the PSE")I
and assuciated research are sumgarized below:

*Glossary of r _ciselv defined action verbs--This glossary contains approx-
imately 130 generalize~ac~tio e6-b , whT exoress human actions ir
aerospace systems. Most of these terms are sufficiently g-eneral in nature
thdt they can be applied to task statements regardless of the type of
sys tem.,

*Glossary of nonjsystem specific nouns--This, glossary contains approximately
300 nouns usPd as descript6s7Tr h three aerospace systems that compose

tcexper-.mcntal datr, 7ool for the PSES. The glossary, because of its
non-system specific nature, is capable of forminq the nucleus for a glos-
sary of noun-; for :,;y aeorospace system.

*Rules regulati n selection and use of action verbs--A detailed list of
mandatory andrecomKn r~uT V dvlpTFthe selection, use, and
modification of -tion verbs. These rul-s are used to minimize the in-
consistencies in the meaning of action verbs and to reduce the loss of
data in the retrieval process. They also allow action verbs to reflect
conmmon meanin,-y, while eliminating. as far as Possible, the inclusion of
jargon.

* Rulics regulating selection and use ot nouns--These rules and quildeliies are
n 1-a- detf ai ed'J __r as numerous asoefor verbs because of the greater
simplicity in regulatinq the usage of nouns.

* Rules pertaining to ctherrainatical categories, punctuation nomenclature
an a rviations--T es-e ruTe-s -arPe -br . Grammar, ountuation, nomen-
FTh-tured-F--)Feviatiorns are simple to regulate and are of less impor-
tance than those governing the use of action verbs and nouns.

* Review of controlled "''31i-P nd rules for usaqe--The controlled
vocabularies oTction verbs and rules~or usage were reviewed by human
factors personnel, grammarians, lex~cographiers, as well as data jenerators
and potential users. Consideration was given to their commnents.

* Moditiers--It was determined that no need e'isted at this time for glos-
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for a faceted cI -'a? or s.cr~eme ,e ~ e I *.ve 'I )-
used in the expres,,i(n of atlr4t>,tes (- rC f C,~'rv p r- l) rn repd:
because thev are noti useo aQ esr.ms

*Automation of thesaurus fun-ctions--The -,rotem oT auto ,ljtinq 'h cort-. iled
vocaT-ya ruT6sf3or-usaqe -wa exami ned. It was concludeC th--lt f Is
pos s iblIe to parti al1ly automa te th~e thesa urus f un c tj i-.
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TASK DATA CLASSIFICATION rZCHNIOUES

NTPT DUT iN

otter et ,. (1966) reviewed existing classificatiun schemes having ,ioten-
tial uss, at ]east in par., for classifying human factors task data. Alpha-
betical indexong, use of links and roles, various fons of subject headings
and key tern inde. s were examined, but analysis showed that these methuds
did not satisfy the reouirements for handling 'ultiole system task data on a
fac!ual level, These classification systems were rejected for the following
reasons •

* They wert limited in scope and would be ineffective for handling a wide
rarqe of trman factors task data.

* They were orinted towards single systems and would be difficult to adapt
tfor use with multiple system data.

* Tne techniques were document-specific and not readily adaptable to handling

detailed factual data.

* They were too curple or theoretical to ne used by a co-puter system.

Toe data classification techniques developed for the PSES were based or a
louica data frawon k, hierarchically arranged. The data elements (see
Section Ii) constitute a system atic breakdown of toe s ystem mission, a,,d in-

clude the 'rer s on I -involved task descriptions, task times, hardwar. etc.
T re user 's 7-ovided with a cer?raliced capability to retrieve specific data
or clas - relted kAta, but canrn t retrieve functionral relationships between
data ''s. No an', is there !,o way in the PS to identify functional re-
V r. ior Pi . ,u. there is no way of erterin_ this type of infornation into

the ex pcrnPrti! date pool.

>ice tn? lass i atior scne:,.v applied to PSES cannot be used to identify
fu,' , iMal rel't~lfnim'fpS, other types were examined, among them faceted

aceted r.assificatil.o isa -etr.-d for ePpressinq functional relationships
eitin, be.een the ',ta ttvs in a task stateiient. it also can provide

af ton 11 !he effects that vver charqes to data have on related series
-If dta. provides iformatio- o-' alternatives that are avWnable to

r,,,- fv 1n fli ts a r s i 'ror, proposed chanqes to data. i n addition to
ai.r! i ' sers n proui n a capa"' ,ntv to flandle functional relationships, it
31'S 1 a s s t ,e inrfo ration lpeciil ists dcvelops cia,,ification) and
-he ','eke' I rlees terQ . Toe infor-at on 5: ei'al'sts is assisted in

orqa . z .
- a dawa base by"auin , useful reV,ticrsnos betwee" ter-.s ''.e

indeer is also ass ;ted because the indexina term, are Qrouped into cleary
defined conceptual croupi nls that are arranced in .eneric hierarchical order.
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PRINCIP4LES 2F F 24 E D C L AI C AcTDN

Thi s di scuss ion presents tl-e genera 1 pr ircole, i facet a a Iv i j an
sification and how it differs from r-xistinq data clas,-fi cat ol s.es~
handle human factors task data. A working definitir, of fareted ' '

cation is. A faceted classificatio- temris basically o r, wn h ck d e s ri
tors* are groupeW157 c oncetu cYC.eUr4es an T~ee to-k-erjn

Yi o n s I 1 s. The system is cnsritlctacrep reretoo-
F1 Te--Jith one another to express mnore compl1ex cor e,-, , 'h is c ort ra s ts w it

*enumrerative sys cems in which c: mepts are ofte ed to the r te n 1s
this situation it may be necessary to examine 7 , v classes to 'inc ore :

*wh ich the des ired concept 4 s as soc ia ted with the s jbiec t be irn, ar alIv ze'

typicallv, -lassification s'vs temis s t a rt w ith t he 'o s t qeneral level o' lrfor-
mation in a given universe of data. The information is Aivided &nd subdi -
vided until a large classification tree is --ostructed. f',-ure I: is ir ex9 -
pie of thi s technique appl ied to s impli f ied aerospadce s s teil dIata ca te,.orles .
Within this, framework , each data itemr must 11e located at a sioIe positiorn iri
the struc-,re. This type of rlassification leads to ri-cidly' 'i-o~jned '-'ae-
qories of data if- the network. When startinq from the most'ciener -l level of
infornation, data are divided into imany classes and subdivisJoncz e eons
and species. Each subject is divided only one way; thit is, all Sud.
of a class rebt"e cnlv to that cadss. In all .'isificatior s vstemz there
are logical divisions, but all divisions are not always lociicai.T P'
lowing example 1; a series of ficets it) which a coimrof f'om Of hwmr,'a Leav-
mor can be sot Led: etlkyli aincrol is a lRif!d of chem; cal .ubs tance, 1!Li i.
a state of thc, compound, potable is a property of it, i n i-s- a- prrai-

per o-rT~d with it, a glass is a device Tor cIarrvinq out : n ooeatlon
using it, mran is a consumePr of the mi xcure and intoxicalir 4nn s . reaction frOW

i The seven under i eT ords are face ts into whicr t I I~por -i ," r
cc-~ he sorted, Rather than to construct one iar1i- ijssifi 31c~- tree, tf~j-
analyvsis stirts crr , tne bet torm.Itfrt ro s 's'nt aeirs a-

ranged lase-ally, since tthere are no, itecolrv h i r h ne; s ho ito
cateqory descriptors are organized into aprnopni ate hierarct~'i cal1 ~ nj

This cilass ification technigue can, bL rirni ed to th e tvn)e of !-P ;A'atn-<rtp-
in the PSES, Consid~er the follu-inq:

1. luman factors task stateme!nts
2. Action verbs
3. P isolavs
4. Crvntrol~s

*Dc scri ptors a re te ms s el1ec ted f or inrc 1 US ion- in t1he t hes IrJs T-J e I c Pn't'
for use as indexing termsn that de,,Lribe t.'e data contained; in the enryna
data pool.
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5. Communication
6. Group activity
7. Training
8. Personnel

These terms cannot be regaroed as having been derived from human factors task
data by a single characteristic, since they do not share related qualities.
Category 2 is an action descri tor, categories 3 and 4 are man-machine inter-
faces, categories- and6 are human interactions, category 7 is concerned with
ac~tiities directed to performance improvement, category 8 is the personnel
typewho performs the task, n-ccategory I is the task descriptionitse-JT7
Alltough these terms are not collateral meimher of-T-eh category oF human factors,
they can be sorted into groups, each of which is differentiated on the basis
cf a single characteristic, e.g., action descriptors. This type of scrting
is called facet analysis. Figure 13 illuqtrates how human factors task data
can be sorted into facets (concentual groupings). The eight categories be-
come subdivisions into which data elements are sorted. The facets are ar-
rangei laterally, and all hierarchical groupings are interilal to the facets.

The various categories that make up a given classification will reflect the
central area of interest. If, for example, the data to be classified involves
a new manned aircraft, categories concerned with operational and m:,intenance
personnel, task statements, equipment, training requirements, operational
environ, f, etc. should be included. The list can be expanded to covpr all
of the behavioral aspects of each level nf interest, as well as the activities
associated with manufacture, assembly, and personnel testing.

It will be necessary to apply vocabulary control techniques described in Sec-
tion V to assure that the terms chosen ior descriptors cnmply with the rules
governing word usage. The glossary of acceptable action verbs and nouns
should Ke relied on when choosing descriptors to avoid proliferation of syn-
onyms. Unless these conventions are followed, misundersta-ing the meaning
of terms will result among the users and data will be lost in the retrieval
process, The terms are sorted into appropriate facets--._.nogeneous groups
of terms representing the central area of interest in the data being clas-
sifd. By way of llustration, the six terms mentioned earlier to cate-
gorize huriian facto! task data are characteristic of the divisions by which
terms are derived. The characteristics are also logical categories in whii
to assenl,,,e terms. They express certain relations or links between terms,
e.g., action descriptors/man-machine irterface/personnel, and action descrip-
tors/human interaction/performance improvement/personnel.

In summary, faceted analysis is similar to tradition I rules of logical
division, but differs in two significant ways. First, the analysis performed
to construct the scheme is stricter, since every category must be isolated,
every new characteristic of a division must be stated precisely, and new
links must be recognized. Secondly, the various facets and categories are
not bound into rigid enumerative schedules but are free to combine with each
other so that all of the rele-ins between them can be expressed. In essence,
by providinq a means for comb ing terms into compound subjects, faceted
classification allows for the more adequate expression of the c.:mplexity of
infoirnat' on.
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PROPOSED uESIGN OF A FACETED CLASSIFICAFION SYSTEM

Faceted classification as described here ditfers from the original faceted
system developed by Ragarthan (1957 and 1965) and modified by Vickerv (]966).
The later form of Raganthan's system was called colon classification, but
this term merely refers to the use of colons to separate facets. Their con-
cept of dividing data into a series of related facets was incorporated into
the selected approach, but their detailed indexing schedules and classifi-
cation schemes were not utilized. They were developed for the classification
of documents and do not readily lende . Iyes to the indexing and classi-
fication of dis.--te items of human factors task data. In the selection and
organization of facets, greater reliance was placed on the systems developed
by the English Electric Company (1961) and Mulvihill and Brenner (1966).
These two are library classification systems and are beter applied for de-
tailed indexinq rather than for book classification. The faceted structure
of the detailea tables allows for a fairly logical and concise arrangement

of concepts in a complex subject field. This concentration on in-dept.
classification appears to provide a better point of departure for the clas-
sification of factual human factors task data than one more suited to docu-
ment classification. While these systems are primarily concerned with equip-
ment, personnel, economic factors, etc., some of the concepts can be utilized
in the construction of a classification system to handle human factors task
data. The prposed design incorporates the principles related to faceted
classification described earlier. The data are grouped into a series of
laterally arranged conceptual facets that represent the central areas of in-
terest for human factors task data.

The initial step was to develop a series of facets for handling the type of data
contained in the experimental data pool. There is a more detailed breakdown
of the data elements in the faceted system, but the PSES element list can
be expanded to any degree desired. The level of detail is one of degree,
not of kind. The faceted system can provide the same type of data retrieval
capability as PSES and can be implemented on the Time-Shared Data Management
System (TDMS) (see Section Ii!). Due to the limitations of TDMS for hand-
ling data that are organized on multiple hierarchical levels, the data must
be arranged into a series of rather lengthy entries. A list of these data
elements and their definitions is presented in Appendix XI . Each entry in-
cludes the pertinent hierarchical data on system, phase, segment, task, and
subtask-related data describing the action, personnel, and nardware involved.
The faceted system described above is limited to data retrieval; by itself
it provides no capability to show the functional relationships that exist
between facets. Thus, it can relate one item of data to another, such as
action, personnel, and equipment, but cannot be used to determine what ef-
fects a chaoige in tk sequencing will have on the performance of the tasks.

To provide a means for identifying functional relationships, it will be
necessary to add another order of facets. These facets constitute a depen-
dent category that contains information that will modify or expand on the
data in the other facets. These facets are called attributes. Attributes
are defined as any property or quality of an element in the data base that
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is a meanirqful entity by itself. Attributes consist of Infor~nation, known
about the dat' ccntaine6 in tne data base. To facilitate the user in deter-
Mining what information is available, each task and sub-task must contain in-
dicators that inform the user whether the attr'bute facets contain infor-
mation on tie elements involved in that particular task or subtask. To
identify elements having associated attributes , it will be necessary to query
the attribute facets. it will be possible to ask if one or more elements
have associated attributes or if any elements have attributes. A minimum
of two requests will be necessary to determiine what the actual attributes are.
The first request provides the names (or numbers) of the elements having
associated attributes.

The attributes are limited to those that are direct quantifiable modifiers
to elements of task data, such as performance c~iaracteristics, training re-
quiremients, reliability, and operational environment. A description of
reliability should suf~fice to illustrate the content and use of an attribute
facet. Information is provided on the probable error rates associated with
differenit time allowances for the performance of specific tasks or subtasks.
It also indicates whethar error rates ore within acceptat e limits. With
t.his type of informa.tion the specialist is provided with probabilities as-
sociated with time Charqes and the effect of time changes on the performance
of tasks or suhtasks. if a time change results in an unacceptable error rate,
but the tine change was considered to be mandatory, then other attribute files
may bec oeried for issistance. For example, 4nforiation in the training
reouiremernts facet .ight indicate that .-,rror rates can be reduced through
additional training. When a tentative 3olution to tVie problem has been
reacied, the economics factor facet can be explored to determnine whether the
additional training reqiuired is economiically feasible.

Definitions of representative attribute facets are presented below to exem-
plify their varied naLure and content:

" Ico'ioicFactors--Contains the cost of equipment, supplies, facilities,
frai~nig transportation, and anything else oil which a price tag can be
or is placed,

" Location--Consists of geographic locations where the system or any of its
faciflities might be relocated.

" Operational Environmert--Contains a listing of the conditions under which
a systm'sopera~iThn~aTsupport or maintenance operations may occur--it
is sub~ivided into temperature range,,, altitudes, and regions, e.g., land,
sea, outer space, etc. Tne breakdown can be as detailed ,~s tne ddta war-
rant.

*Reliability anid Mai ntai trhilit --Reliability refers to the prcbaibility thata~~~6y syte o---it huian or equipment components will perform a re-

a y7Tm ___1 -i

quired function under specified conditions, without failure, for a speci-
fied period of time--this characterstic pplies to hardware and man.
i aintainabi lity refers to the characteristics (both quantitative arnd qual-
itative) of hardware design and installation, which make it possible to
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meet operational objectives with a minimal expenditure of maintenance ef-
fort (manpower, personnel skill, test equipme-it, technical data, and main-
tc. Ance support facilities) under operational environmental conditions
in which scheduled and unscheduled maintei ance are performed. This facet
may be expanded to include repairability and serviceability data. Repair-
ability refers to those qualitative factors that determine the repaira-
bility of equipment, including time to diagnose and isolate inaifunctionis,
time to repair malfunctions and place equipment in satisfactory operating
condition, manpower and skill levels required to repair th ialfuction,
and the time the equipment is operating satisfactorily without requiring
corrective maintenance. Serviceability refers to that function of equilp-

ment design, configuration installation, and operation which results in
minimization of maintenance requirements, including the use of special
tools, support equipment, skills, and manpower. It enhances the ease of
performing maintenance and reduces thp expenciture of time and material.

SYMBOLIC EXPRESSION OF TASK DATA

A capability to express statements symb lically will bu useful when describ-
ing the functional relationships between the component facets of task data,
Symbolic expressions provide a method of expressing statements or conditionS
by conventionalized characters. The symbolic expressions described here take
the form of pseudo-algebraic equations, hut are, in reality, a conveniient
shorthand technique for expressing task data and have no direct relationships
to mathematics. By their concise nature, symbols can be used to show inter-
relationships between components of task data iore clearly than can be shown
in narrative form. The clear-cut and systematic divisions of dat3 in the
faceted classification system facilitate the generation of symbolic expres-
sions. This methodology will provide the aralyst with the capability to
better understand the relationships that exist between the data. For example,
he may want to know how personnel are affected by increased periods of ac-
tivity, how the operational environment affects the performance of the crew
and the equipment, whether proper shelf levels are available to maintain its
equipment adequately, or any other simple or complex relationships.

Task information frequentiy changes during the course of system development.
These changes can be expressed symbolically. For example, a series of sym-
bolic statements can be used to express prior, cencurrent, and subsequent
events that exist in task sequences. Other typical changes that occur to a
mission time-line, that can be expressed syt.,bolically, are as follow:

* Addition of new tasks or subtasks

* Deletions of tasks or subtaskz

* Changes in the time to perform tasks or subtasks, e.g., longer, shorter
or different times in the mission

* Additioo or deletion of personnel
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R Reassignment of existing tasks or subtasks to different personnel

Change in the sequence in which tasks or subtasks are performed

* Addition, deletion or changes to hardware components

* Change in coordination requirements for tasks performed by more thai', 1,e
person due to some change in task assignment of one or more of the per-
sonnel irvolved in its accomplishment

.A -hange in the mission of the system, e.g., a change from a reconnaissance
mission to a rescue -mission may cause a major change in the time-line.
Analysts are most concerned with changes of this nature early in the de-
sigp. cycle, when they are modeling and conducting contingency studies.

The determnination of conflicts is not simply a matter of locating points in
the time-line of z 'ission where an individual must Prformi rre than one task,
, ubtask or wohere ain equi,)ment component is used by more than one individual

during the same or overlappring time intervals. Rather, it is a matter of
determining which of these conditions constitutes conflict, since an indi-
vidual may be able to perform several tasks or subtasks simultaneously. The
Problem is to determine which ones, if any, are of a contradictory nature.
For example, a pilot may be required to monitor a number of visual indicators
continualiy whiie stee.ring an aircraft and may be required to communicate with
a ground station at the same time. The simultaneous performance of these
tasks may be within the capabilities oi- the pilot. But a single task may
res.ilt in a severe c Anflict if it requires two individuals to perform mutually
contradictory operations on the same unit of equipment. Also, a task or a
combination of task,.; requiring the same individual to be at two locations at
the same time will obviously resuiL in a conflict. Thp symbolic method of
expressing data may -ssist the analyst to isolate the locus of contradictory
operations and in finding means of resolving conflicts.

The terms and structure of task statements and a series of typical mo)difi-
cations Lo the sysem and mi ion profile dre presented symbolica.ly to il-
lustrate the 'ange ot conditions that can be expressed. Because of its sim-
plicity, a series of changes to a mission time-line was chosen to illustrate
the svmbology and structure of the statcmei ts. A typical task statement ex-
pressed in symbols is shown below:

2-5A - FOc [PCN - CT3 (TIS - 25)]

The fi,- group of capital letters and combination of capital letters and num-
h,;rs appearno in front. of the orackets and separated from the other letters
by a hyphen represenw the system. The capital letters appearing directly aftpr
the hyphen ijdicAKc a particular mission phase of the system, and the lower
case sibscript letter(s) indicates a specific segment of the mission phase.
in this example, C--5A cte system, FO = the flight operations mission phase,
and c 7 the cruise segment of flight operations.

The p ositions involved 'in Lhe task are expressed by capital letters. If more

than one position ha, the same title, a partirular o is distinguished by a
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subscript number. These letters are th first insertions inside the l-ackets.

In this example, P = Pilot, C = Copilot, and N = Navigator.

IT a Independent Task. An independent task is one that involves only a sin-

gle position in its performance. When a subscript number is added, .g., IT1,

it Indicates the sequential occr'rrence of the task for a given position since

the start of a specified segment of the mission phase. Each independent task

has the designators of the appropriate position in front of it, separated by

a hyphen, e.g., C-IT 1.

CT n Coordinated Task. Coordinated tasks are those that involve more than one

position in their performance. When a subscript number is added, e.g., CT2,

it indicates the sequential occurrence of the task since the start of a spec-

ified segment of the mission phase. Each coordinated task has the desi tor

of the performing position in front of it, separated by a hyphen. The pu-

sitions that are active participants in the task have a dash under their des-

ignators, e.g., PCNj-CT 3 . If, in this example, the pilot and navigator are

cumunicating with a ground control station and the copilot listens to the com-

munication, the pilot and navigator are actively involved in the task, whereas

the copilot is passively involved.

T = Time. T alone indirites that the time iivolved is unknown. Any numerical

Lime is expressed in minutes and hundredths of minutes. When T is followed by

two sets of numbers separated by a hyphen, it represents the time interval in

which a task is to take place, calcuiated from the start of the mission, e.g.,

T 15-25. Time followed by a single set of numbers indicates the total time

allowed for the performance of the task and does not place the task io a se-

quence, e.g., T5. Time may also be expressed 0s "continuous" TC or "as re-

quired" TAR. Specified times are always enclosed in parentheses, e.g.,

(1 15-25) or (T5), whereas all other times are r Brackets [ ] are used to
enclose the tasks arJ their associated times, e.g., [PCN - CT3 (T 15-25)].

A superscript number ever T of either IT or .-, e.g., IT4 , CT4, in, cates

an individual subtask performance, rather than the entire task. In these cases

the time is understood to be subtask time rather than the task time.

The following illustrates how the symbolic technique can be utilized for

describing and resolving problems associated wiLt, the addition of a new sub-

task to a mission time-line. If a time change was necessary to CT3, in the

original example, it would be necessay to identify the suotasks occurring

prior to and after the subtask bcin changed. It would also be necessary to

determine if any other tasks are being performed during this time interval in

o-der to be able to evaluate the effects of the change. For example, if a
4 5

new subtask is added between CT3 and CT3 , it would be necessary to know which

of the positions performed these tasks end what time intervals were involved.

If the positions ind times involved are P-CT (T 17-18) and N-CT' (T18-19),
H3
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then the question is: Are nther tasks being performed at least in part between
(T17-19)? If, for example, one other tasK, FO [N-IT2 (T!4-19)], overlapped

this time interval, it would indicate that the pilot and navigator are more
thoroughly occupied than the copilot. Assuming that the subtask had not beer
assigned and that an analysis of the facets involved indicated that it could
be performed by any of the three positions, then, all other factors being
equal, the logical choice for this additional subtask would be the copilot.
However other factors might mitigate against this choice. If so, this could
also be determined by using the symbolic method.

The symbolic information below the horizontal line refers to equipment. The
equi'ment symbols are E Equipment, MC = Major component, C - Component,
A = Assembly, SA = Subassembly, and P = Part. When the equipment syjibol(s) is
enclosed in parentheses, it indicates the equipment unit(s) involved in the
task. When E appears by itself, the equipment unit(s) affected by a proposed
change has yet to be determined. When E is fol iowed by one or a series of
letters divided by hyphens, it indicates that these are the (quipment unit(s)
that may be affected by a proposed change. For example, E-C-A indicates that
an assembly to a component may be affected.

To describe a change arid its effect to a task, 3dditional symbols are added
after the brackets. If the problem werp to determi .c how reliability of
performance is affected by a reduction of 5 minutes to task time in the orig-
inal example, the task statement would now read:

C-SA-FOc [PCN-CT3 (T15-25)] (-T5) R

The change to a task statement always appears after the brackets and is en-
closed 4n parentheses. In this example (-T5) indicates a reduction of 5 in
the time to perform the task. The symbols appearing after the equal (=)
sign are applied to inlo.riation about the effects of proposed changdes. if
more than one, they are separated by hyphens. In this example, R Reliabil-
ity.

Changes of a broad and far-reach ing nature Lan also be expressed symbolical),.
If there is no symbolic data einc osed within trie backets [ ], it indicates
that the proposed change prodi.:-es no effects. If the change .:tatement does
not 1icclude symbols for missi.'.=,:, se ,:ront, it. , eans that tile change affects
the entire phase. If the i s for oha,;e are a~su. missing, it indicates
that the change affects the, entire systom.

To reiterate, the use of symbc ilic expresson s provide:

A concise method for expres' inq "isk ocata

* A concise method for describ-rq ch.,;mies to ta.k dlata and for .e,scritinq the
conditions surrounding these chingr

A method for determining tne effpts of cha , s ,iiJ how r';t-fi c,_ niicts
arising from these changes
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* A simplified and exacting method for requesting inforrmation from computer
storage

* A method for saving time

SUMMARY

In sumary, the type of faceted classification scheme proposed to handle human
factors task data is one that: (a) has homogeneity of concepts occurring
within the same category, facet, or subdivision; (b) has a one-pla e-per-con-
cept philosophy; (c) stresses the synthetic capactiy of terms to combine with
one another to exoress more complex terms; and (d) provides the capability to
express functional relationships between certain data. By providing the sys-
tcm '.ith a cat-gort fiamework, it is si.pla to aSig unique placement tc

concepts occurring in the schedule,, since they are classified according to
their basic characterit!cs_

The vocabulary that results from faceted analysis can be used for initial in-
dexing and for querying the data base. Facet hierarchies can also facilitate
the conduct of geeric searches. it will be simpler and less costly to con-
struct and use a facet classification systpm than an enumerative system.
Also, facet analysis provides a t ecnrique of vocabulary construction that has
the advantage of being explicit and can be precisely described, communicated,
taught, and analyzed. It can also be readily changed to accommodate modi-
fi:ations and deletions,
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SECTION VII

DMTA ANALYSIS AND SIMULATION TECHNIQUES

NTRODUCT ION

The techniques employed by human factors specialist in refining task infor-
mation into useful products, such as manning estimates or the determination
of skill requirements, dire often the result of analytical and simulation pro-
cedures. Such procedures are highly amenable to computer application. It
follows that if data are easily accessible from computer storage, various tecn-
niues -3 be applied to refinc the data into needed products. Research on
analysis and simulation was conducted to determine the needs of aerospace
system programs and the analysis and simulation software design necessary for
i,)tegration in a user-oriented computerized task data handling system. Pre-
l iminary research conducted by Hannah et al. (1965) and Whitemnan (1965) in
dicated that anticipated users of analysis and simulation tecnniques extended
from program level managers to non-managerial specialists in aeroSpdLe Sys-
ten, development programs. Hannah et al. (1965) concluded that computers
were not being used in many instances for the purpose of analvsis and simu-
lation because of the high cost of computer technique development, the ex-
tensive time required in tne o~rcqramminq effort, or the inaccessibilit 'y of
computers. They also concluded that current trends in the application c&

analysis and simulation techniques in aerospac7e sys-temr design and develop-
ment hv es e in the generation of many diverse techniques that are
s pec f i c to Pa rticl ar_ SvS teFTnS. Thus, the question for research was: Can
analysis and simulation techniques be developed that will provide for the
ma Omum numbers of users Wit1h tht max'Mum levels of apol ication and speci -
fi City , his anoroach woul d redu:_ cos;t and ti mt by elimiinati nq redundant
.development ol arnillyi ind 'simulatio" technilques and cociputer porqrams.

Thne curre'i* and -(,,,enti al uses of cormouters for wducti nq analysis and
72r,1du,, s'"ulation wet-e assessed fnrcluqn the distribution of questionnaires
.,uninq the preliminary research .eriod :Hannah et al. , l%5). Man-v resnon-
d e nt1s to the )uestonrna~rp indicated that Sir-Ulation fun--t-ons were eitser
be i q performedA in their orqanizlations or could he performed for determining
h ur, 1n cerforrmance er t i ate; . equl p~net_ r.erformance es tirna3tes , manning esti -

r'lates, hardware req,irements, and co;t esti-at&e ComPuterized -simulation
technia31jes have -lso facilitated the desi(In and development of training
devices, the invesfi~ation of various %su-vsteis within systems, and the
estimatio!n of s~stei, re'iahiiitY.

ohite.:Iar ilt'5' ''dicated tnat alnuos' one-half of current coTputer processinq
is devoted tcwav's As ''- ze Case of simulation, it. was shown that
1,here- wa i c4; v e -c tv in the a p pIi c at ion o f a nalIyvt ic te c h riqu e s. How-
ever, in ar>31 - is the redurndarcv is not in the development of anialysis tech-
niques, biu' riVfher in, thle ceveliuor'ent of ccomputer prcnirams. Typical a naly-
st , are:. mu1 re, res s ion, Corre Ia '-i.-- d n alys is , fic tor ana 1,-,s5, and

-I I v si S of v aanc e. Techiiues need to be develooed that allow a user to
o c co~s a na I s is pro;-;r3.,, ,S UCn a S these, or to devel1op h is own techni Ques i n
a iser-orien ted er'vi ron:-Tnt.



With regard to simulatior, Whitnman (19S) recrumended the development of a
c)Tnputer language esDeclally otiented to human factors data. The language
should provide facilities for: (1) selecting data from a master data file,
(2) processing selected data, and (3) generating reports. In view of cur-
rent research, the question of concern is the fe.,bility of producing a
simulation language that is tailored to human factors infonrtion. This
cculd be achieved; however, it would be very costly due to the extensive man-
hours necessary to produce such a tool. Current research found that there
are many simulation languages already in existence. Thus, existing simu-
lation languages should be evaluated and, if possible, one should be chosen
that complies with those attributes Whiteman recommended.

The initial effort beyond the preliminary research approached this problem
by examining task data for their fundamen.al analytical propertiEs. This
effort, reported in Potter et al.(1966) dealt primarily with the human fac-
tors task data to be included in the experimental data pool. Several prob-
lems were investigated: identification of the quantitative and qialitative
characteristics of the data, identification o' the measurement characteris
tics of data, selection of standard mathematical measurement units 'English
vs. metric units), and identification if interfaces with other research
areas, such as data classifiration and vocabulary standardization. Final
solutions to these problems must be sounht in conjunction with the overall
development of objectives and detailed speciTrcdtions for PSES analysis and
simulation functions.

OBJECTIVES

The research was intended to answer questions, such as:

* Do current analysis and simulation techniques lend themselves to poolinq
into a generalized data handling system within a user-oriented enviro'-
men, t?

* Is it possible to develop a general simulation technique or should a
store of simulation techniQues be provided?

" Can analysis and sinxilition techniques be incorporated as an integral
function of a user-orientt.d data handling system?

* Can generaized andlys's and szinatior techniques in a user-oriented
conuter -nvironment lessen the need to continuously develop _ystem-spe-
cific techniques?

" Can the data base cc-rent and covaputer programs provide feady access of
inform!tion for both analysis and simulation?

* Must modular routines be used to proviue ready access of inform-ation fcr
both analysis and sirl-uation?

* Must new techniques be developed in order to provide an analyvsis anid sim-
lation requirement within a user-oriented c3 puterized data handlin., e-
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v i ro n le nt?

*Are there other research areas hCt have sionificart imrplicatioc,- up,,on the
development of analysis and simulatiow techniques within a dcta syster!,
Such as data orqani 7atioli a-id voc-abul ar~ control?

These questions led to the generation of the following research objectives:

*Investigate current analysis and sim-ulation techniques and their app"I :,a-
bility to a compute~ized data handlinq systemf in a user-oriented envi ronmnent

*Define the cateqonies of data for analysis and simulation which provide "~he
inut to anealys-is and sinulation techniques

*Select an analysis and s4 -iulation techrique which would interface with *th"
relevant data handling research efforts and tne system

*Develop starndard data formrats that are amenible to jaa!s ar, s iinu(I'C, r

*Develop aceneraile aiialysis and sinlulaficn techriqu-es that a re 'FlIe x iblIe
Arou , to Sali Sfy the neecs of aerospace ster- devel cQient D ro qr ams

rni r. a 1 c Cca i i's P o o a s a' r e r i fun r 1 c f e 'a '1

user-orit~rteci dlatI ihrn , 7 "h ' ~e. t' i s of te reewr aro
't- rei 1 ' ed, io ca b_ Je . " ( ed th., i-lal 1~ vi ''f

h P W-~c~r 'r te a' n'' e e~' (1 jl IPc '~a

se t n 1 , 'o r h e o n h ie hi 1, S I '-a

a-i fh',u 1, rij~e a h. na" J y~ t +r n 9e arroacln lake~ a
*i ~ ~ ' e "a ~' rRa cj"1,eve th.'ip' j1Ot9 rdJ

Of 'he rweseaCi

rc r
1  o ne ii~ e v" e al r c P s a nd ir t s tntl 'h lS2(

~~e ~ c r e ~ a', *' r!, ~ ~ t ~ s r r

* -0 reC I" l'a * qe cia'a 00 pu

~'''~ : ~reQ'3 '9'- im a>*' I 'ri r-t"l~a ,~



.' n ISources

USEPS DATA POOL SIMULATIONI of

[ ANALYSIS

t ANALYTIC S o

DATA BASE(S) u tL u t---Gtut

Figure '4. Analvsis Concept

drawn, then the additional data pools must be similar in orqanization to the
first data pool for the particular svstem. These additional data pools might.
contain information from analyses performed on other --steris, which are simi-
lar to the system being developed. This is an effort to maintain continuity
between different data bases that contain information relevant to a inqle
aerospace system development program.

The second source of input is users. A user might choose to perform analysis
on information which is not contaired in an existing data pooi. Thp desire
wotld ve to provide a capability for users to input data on-line.

The third rource of input is from simulation. After outputs have hPPn derived
from a simulation, there may be a desire to analyze these outputs. Changes
in vaiues ma, result from simulation and these resultant cnanges could be
dentified for input into an analvLic data file. The analytic data would

contain; resu'ts of various analyses and simulations and the formulas; from
which the results were derived.

Just as '"ere are several ,ources of input to analvsis there are also several
recipients of anaiytical outputs. As shown in fiqure I1 , 'he re-ipients of
outputs are thi ,Lem users, the analytic data base, and simt' ,tion. In a
gross sense, all outputs are received by users, since the resullts of analysis
are performeu because they are desired by a user. The outputs of analysis
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serve as feedback te a user by providing easy and rapid access to data upon
which decisions can be made.

The second recipient of analysis output is the analytic data base content which
represents a subset of data chosen for analysis from a data pool. Those val-
ues derived from the application of aalysis are entered into the data base
whenever a user desires. They can be entered as new eiement values or used to
update existing values of elements.

The third, and perhaps the most important recipient of analyzed data in terms
of demonstrating the integrated concept in a user-oriented environment, are
the simulation routines. To illustrate, the valies obtained from logical,
arithme*tic, or statis ical operations might be obtained from the analysis pro-
grams and used as inputs to the simulation programs. If these obtained val-
ues have alr idy been processed )n a manner which is amenable to simulation
input, there would be no need for users to generate processed data for simu.-
lation input. Users could elect to input the pre-processed value directly
into the simulation by use of a program that would call these values into the
simulation Proram thus eliminatino one additional possibility for human error.

The concepts described above established preliminary specificati.ns for se-
lectino a set of analyses proarams that lend themselves to integration in a
user-oriented environrmnt. The selected programs must be investigated for
their compatibility with the software, the hardware, the philosophy f a
user-oriented environment, and the needs of human factors specialists. if
an analysis technique is to be selected for implementation in a user-oriented
environment, it must be compatible with the concept of time-sharing; not
restricted to implementation on any specific computer; have a capability of
handling data stored in a large data file; be relativel' easy to operate;
provide a capability to process logical, arithmetic or statistical operations;
and be written in the JOVIAL language in order to be compatible with the com-
puter language of PSES.

The investigation led to a system which hopefully would meet the requirements
established in the approach and the objectives. This system is TRACE III,
presently being developed by System Development Corporation.

TRACE III operates in a time-shared mode and h.s a specially-designed user-
oriented command language that provi(,ns manipulation of analytic data. It
provides a means for users tc organize data in a manner which is most appro-
priate to their specific analytic needs. This capability in TRACE III pro-
vides for rapid access from the data pool of the specified data upon which a
particular analysis is performed. TRACE III reduces the total computer pro-
cessing timl by restrictinq the operation to subsets of data elements nec-
essdry for a series of specific analyses. It is necessary to construct a data
file according to TRACE III specifications in order to perform analyses on
those ddta called from the larger TRACE III file and placed on a smaller file.
It also provides an automatic updating capability that fulfills the user's
need tir manipulating his most current information and permits him to in-
clude the results of prior analysis in future manipulations. These capa-
bilities in TRACE II fulfill the analytic requirements of retrieving data
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from a data pool and allowing users to input data not contained in a data pool.
There is also the possibility of c ieloping a capability that permits the user
to input results from simulation processing. Through these processes, TRACE
III provides the users with the capability to interact with the analytic pro-
grain in a user-oriented environment. Some of the capabilities of the TRACE
III analysis system include: (1) a system of computer programs operating in
a time-sharing mode, (2) performance of data manipulation functions normally
assigned to a data clerk, such as the derivation of new variables from exis-
ting variables, (3) automatic updating of the data base with derived infor-
mation, and (4) data manipulation without the time-consuming task of writing
specific programs for this purpose. TRACE provides the capability to perform
often-used statistical operations and permits the expression of more complex
and less-used operations without any prograring effort. These afidi]y.s are
expressed by the user in the simple format of the TRACE III command language.
Once analytic routines are written by a user, they can be stored in a file
for later recall. This 'feature exemplifies another reducntion in time ex-
pended by the users in processing their data. TRACE III provides an analytic
capauility which can be considered as part of a total data handling system.
It allows the three sources of input discussed earlier to interact with its
programs in a manner which is quite desirable and would meet many of the re-
quirements of aerospace system development programs. Conversely, the results
derived from analysis car be discributed to the three recipients of analytic
output.

In addition, there are two communication options by which users may specify
their requirements. The users can operate TRACE III using either its command
language or its discursive language. The latter method of addressing the
system leads the user step by step through the process of suecification Af-
ter the process is specified, using the discursive language, the comnand Ian-
guage correspondinc to that process is presented to the user and passed on
to the TRACE III compiler utolfatical.y. The TRACE III system instructs the
user in the construction of short, precise requests.

In summary, the TRACE III system provides an analysis technique which can be
used in a user-oriented environment. It permits users to express formulas in
a manner which does not requirt, prugrarming effort by the user and is simple
to operate. It allows users a greater interaction with the data and is de-
signed to be ccmpatible with the time-shared PSES. A User is not restricted
to rigid preprogrammed analysis; rather, through the command language of
TRACE III, he will be allovwed to express lcgical, arithmetic or St.dLitical

operations of any comiplexity. It also support "he Ioncepts envisioned in the
aralytic approach and should be considered for mnr thnrolgh invw +iqation as
the possible technique to be inplementeo in the PSES.

Simuation

Experience has demostrated that simulation capabtiities generated for one
system often cannot be readily applied to other systems or even different
developmental phases of the same system. In developing a simulation capa-
uility, one of the fundamental questions to be answe'red is: What is the ob-
Jc .tive to be fulfilled by ;imulati -? Ideally, a general s.imulation capa-
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bility should be applicable to the resolution of a broad spectrum of problems,
such as:

* Determination of the requirements for selection and training of system

personnel

• Evaluation of man's roll and effectiveness in systems and subsystems

Evaluation of man's capacities in varying environmental situatiors

* netermination of t:ve procedures and requirements in regard to personnel,
ope, dtion, :id maintenance needs

The development of a simulation capability that would -esolve the multiplicity
of problems that are encountered in aerospace system development programs
should be considered a long-range goal. However the immediate goal should be
the dpvelopment of a limited simulation capability that is meaningful and in
corsonance with the other developmental activities of the PSES research pro-
gram.

One of two basic approaches can be followed in the development of a simulation
capability; a closed-end approach or an open-end approach. The closed-end
approach is illustrited in figure 15.

Simulation System

Initial -- .-

(Processors)

-- 4_

Fiqure 15. Cosed-End Approach to Simulation Development

The horizontal arrows in figure 15 represent simulation processing techniques
which are developed in parallel dependent increments from the initial state
through the first and second stages to complete development of the simulation
processing techniques. In this approach, the simulation processing tech-
n iques are nor independent of each other. Since ni one technique is started
or completed before all the techniques <we started, the work effort remains
at the sane level of development. Because of the development of all the
simulation processin- techniques and the interfaces between them take place
concurrently, as represented in fiqure 15 by the vertical arrows, the incor-
poration of a new simulation processinq technique into the simulation pro-
gram may require extensive cxpenditures of time dd funds. Therefore, this
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approach presupposes that all the simulation processing techniques are

defined and their algorithms known before initiating development of the
simulation system. The advantage of this approach is in resolving well-
defined problems. in thi. cise, all work and cost expenditures are chan-
neled into a concerted effort to promote the resolution 'of the problem.

The open-end approach is illustrated in figure 16.

Simulation System (Processors)

Initial - -

J I (Processes added)

2/ (Processes deleted
and replaced)

Figure 16. Open-End Approach to Simulation Development

The open-end approach involves postulating simulation goals and developing
simulation processing techniques and/or selecting simulation processing tech-
niques from off-the-shelf inventoris that can be used to achieve the stip-
ulated goal. Each processing technique incorporated into the simulation pro-
gram is independent of every nther processing technique and a,, intercor-
murication of information between the techniques utilizes the user as the
conmmunication channel. In this approach, different processin(o techni,,_,.
for each established goal can be in various staqes of develonment. The
development of each simulation processing technique can be correlated to
the state-of-the-art in simulation tfchnoio-y, the incorpurd im , orI nPw Ir0-

formation items into tht data pool, i:st experip" e caired from users con-
cerning the utility of each simulation technique, changes in user needs and
requirements, and funds available for development. Furthernore, the addPnn,
of new processing techniques can be undertaken at a relativelv low exoen-
Uiture of time and funds iecaue of the lack of atomatic cross-¢onrlunicationrs
between processing techniques.

One major simulation problem can le illustrated hY considerin, its solutior
through the application of these two Approaches. This is the vroble,, of diti
acquisition and selective retrieval for siwulation. S;ele(tive retrieval ni
data spvcificall'Y for, simulation is the firs? rrerequisite for any siy'nlation
proq-Am. The data imust be structured and or,.laniced in a m ,anner acct-lll.ble
for input into the specific simulation precessinc. proqrir,. This strui, ri
can ae accomplished either by orqanizini tho computer file structure in ac-
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cordance with simulaition requireoments or providing computer programs which
r;:structure the datd after retrieval. Figure 17 is an example of the closed-
end approach as it is app.lied to this problem.

OPERATIONAL RE'RIEVED SIMULAT ION

SYSTEM DATA PROGRAMS

SIMULATION
OUTPUT

4k FIXED
REORGANIZEDO(

FOR INPUTQ

Figure 17. Example of Closed-End Approach to Simulation

Utilizing this approach. the user is restricted to a specific library of
simulation programs and would not be pemyitted to deviate from the library of
programs available. Figure 18 illustrates the application of the open-end
approach,

tL[ I USER-
, R R PGANI Z[ SPECIFIED ORI[NTFP

SOFTWA RE OR-[ERf[DSMITO iENL' FT lI)

S T [ ' r,[ATA PROCFDUR[ST

Fi cure 184. 1 xwimple of Open-End Approach to S irnulation
kn fSi ap ro c n f  s. stu tr s ft-

in tois approach the operational system woulJ con st of a structur ofso
ware rroorars that provide d file of ro-,v'  t ,"  in dCL..... "ce

with user specifi' -tions. 'hese data are thern processed by qeneralized user
specified simulation procedures (oroqrar), Under this concept the user lose
a specificitv that prohibits the accornplishment of -ome imulations; however,
he cains a flexibi ;ty that enab4 him to structure simulation procedures
capable of ,eeinq most of his requirements.

A possible disadvantaqe of the open-end approach is that the user must know
the limitations and requirements of each simulation processinq techni'ue and
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may have to accomplish a significant amount of manual labor to effect noise-
free communications between processors, particularly when the answer to a
query requires the operation of a sequence ot simulation processing tech-
niques. However, once the user !as been satisfied that a set of simulation
processing techniques has demonstrated utility and validity, further develop-
ment of this set of techniques can be undertaken to approach closed-end
development.

Of the two approaches, the open-end approach has greater intrinsic appli-
cability. The development requirements to attuIn the goals established in
this research must be considered as interactive and evolutionary. Since all
ramifications of a system and users needs or requirements cannot be predicted,the opt i-end approach, which allows for growth and expansion at relatively
minimum expenditure of funds and time, is recommended for consideration in
the further development of the PSES.

In concept, the developmental process should be for the purpose of selecting
a set of tools to be used in a simulation system. In this case, a tool is
analogous to a simulation processing techn:lue, the central location is
analogous to computer storage. The tools selected must depend upon the use
to be made of them.

The simulation technique selected must be adaptable to the computer system
that is to be used. This task may cntail a relatively small amount of time
if the technique is already written in some general purpose language, such
as Fortran, JOVIAL, or COBOL. In this case, recompiiing thr,.jgh a trans-
lator may be sufficient. If the technique is available in a machine-lan-
guage code, more time may be required for its adaptation. If the technique
is ii the natural language, considerable time may be required to adapt the
language to the acceptable program form and to test and check out the pro-
gram. At least each input/output routine should:

Provide an interactive capability to display fixed outputs as the result
of the operations of the simulation techniques. The user should also be
able to specity changes of ,,vent ordering- within the fixed output capa-
bility, whenever the technique's output can be so ordered.

* Provide a capability to permit the user to input and store data that are
not contained in the data pool but that are relevant to the operation of
the processor to be used.

* Provide a capability to store, on tape or binary disc, any qroupinq of
data and processors that the user may wish to save.

A capability to extract data from t.:e data pool and orqanize tnem in a form
suitable for use by a simulation program is extremely necessary before per-
formina simulation. The extraction should be accomplished by the users thus
allowing data to be reorgqinized by event ordeings, e.g., time, task, location,
operator. For exampie, it may be necessary to provide a time-line analysis
of the data before performing a simulation (see AppendixXI!). Data reorqa-
nization, based on some type of event orderinq, ca; enable users to deter-
mine the necessity for providing add .ional data befor beginning a simu-
lation process. Research has shown that although time-linin is not simu-
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lation, it is a necessary starting point in the developient of a set of simu-
lation programs. This phi.c-ophy is not necessarily valid if a variety of
simulation processes are to be used to solve human fa., problems in aero-
space system development. However, if, as has been indicated, one simulation
language and one set of simulation processes are developed to serve the gen-
eral needs, then it is a very valid and necessary function that aids in the
development of this latter capability. When the contents of the data pool
have been expanded to include all of the input requirements for the spectrum of
simulation processing techniques necessary, the event ordering formatting
capabilities will no longer be required. The user can then retrieve the data
from the data pool and input these data directly by a calling program which
automatically inputs the identified data in simulation processing.

Under the provision that each incremental step in the development of the simu-
lation techniques should result in potential user benefits, the teOhniques
initially employed should be in line with user needs and requirements. How-
ever, the initial simulation capabilities should also be considered in terms
of other development efforts caking place in the PSES program, such as the
data pool organization, content, and vocabulary (see Sections V and VI).

The output of a simulation run should be in a format compatible with the user
requirements. D. A. Wilson (1967), of the U. S. Naval Personnel Research
Activity, San Diego, Californwa, has developed a scheme for automating
Operational Sequence Diagrams (OSD). The OSD is a specialized form of task
analysis output developed by the U. S. Navy (see Appendix XII). This method,
with some minor modifications, can be programmed as a fix2d format output of
a simulation run for PSES. Thus, the PSES user would have the option of
requesting that the results of his simulation be output in either a fixed
format or a user-specified 'ormat by applying the COMPOSE program of TDMS
(see Section III).

SUMMARY

The research was involved with the feasiLility of developing an overall PSES
analytic and simulati i c'oncept that would meet the requirenents established
for an operational data handling system. TRACE 11, a set of analysis pro-
qrams developed by S)DC, was chosen for investiqation to determine whether it
,,uld achieve the concepts postulated and operate within the constraints of
the PSES. By providini users with a capability to operate TRACE IJI in the
PSES environment, user feedback can be used to determ;np whether this tool
should be integrated into the PSES.

The :"elhodoloqv for deveiopinq a simulation capability for the PSES was in-
vesti .ated. A conceet for developing simulation within the PSES environment
was postulated and the nitial steps specified. An open-end approach was re-
coniended as the mears to attain the initial goal because it affords a flex-
ible, economical, and expeditious means of snulation development.

These techniques are intended to enable successful research into man-machine
problems by allowinq users to interpret various configurations of ma!,-machine
interactions.



APPENDIX I

SySiEM DATA SOURCE FORMATS



This appendix contains sample system data source formats used in generat rig
the experimental data pool for the PSES. These formats are:

* ALCC - Time-Line

Task Information Summary & Task An-lysis Work Sheet

* C-5A - Task Analysis A-ork Sheet

Requirements Allocation Sheet (?AS)

Formats not included in the appendix are:

* Link analysis (.-CC') a standard presentation of ,tn ar.aalysis
configuration

* Drawings tALOC) equipment sketches from &/R<. engineering

ketches showing approximate ",it=ms 7,"

equ. pment

(C-5A) aiircraft sketches snwu; r<at ..........

(Sa turn, configuration sketches s,W>'-; stw '
anJ-ocatic"; c: en: rance -tC

* Other engineering data

:ALCC i f che'kt tue'.es t :- i'-
e:, c r:eerixg data

-t 2refinar 2t, .:' : 7 0

C~~~~~~ "C xs- r1.:t " . .

Y-: .................. ....... ......... ,-.. .. . , ,. t:o :,:.
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FR3D Exhibit 6-
13 Ma.y 1965

TASK ANALYSIS WORK SHEET

1. DATE:

2. NARRATIVE TASK DESCRIPTION:

PERFORMANCE FACTORS CHECKLIST

FACTORS COMMENTS

Fioure 20. TASK ANALYSIS WORK SHEET

;- .4!



BSD Exhibit 65-1i
13 May 1965

3. EASIU .I ."NT TECHNIQUES:

Observation
Instrumentation
Questi onnaire

Interview
Paper and pencil test
Check of records and logs
0 ) h -r

PEI BABLY ERROR FACTOR:

Unlikely
High (see Coment)

5. CONSEQUIE!JCE ',F DEVIATIONS.:

SPECIAL IA NDLING: --

Little
onsiderable (see Comment)

Moderate

Type:

Manual
Veh i cular
Crane

Jack

7. SAFk' ETY PRECAUTIONS:

Sources of Special Danger:

None
) Mechaical

Electrical

Explosive

Fiqure 20 (Continued)
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BSi, Exhibit 65-i4
13 May 1965

7. SAFETY PRECAUTIONS (Cont)

Volatile Fuels
Toxic Substances

/ )Pneumatic
Hydraulic
Temperature
Fire

Preparations:

CI ear Area
riu;ective equipment or clothing
Emergency Standby (personnel and equipment)
Other warning signs (see Comments)

8. MANIPULATING CONT'ROLS:

Type-:

' ) None
Hand Valves
Push Buttons

t )Control Auditory Feed Back
Toggle switches
Selector Switches

Actuation Error Probability:

Unlikely
Certain (see Comment)

( ) Possible

9. NATURE OF PROCEDUP.F:

Fixed
) Vat1able

Alternatives specified in procedures
Alternatives selected by the individual

Motor Skills
System An&aysis

( )Circuit Analysis

10. SPECIAL CLOTHING USED:

Figure 20 (Continued)

-86-

1-14

III.



BSD Exhibit 65-14
13 Nay 1965

i. TECi NICAL PUBLICATION COVERAGE REQUIRE26NTS

I Equipment Functional Description
k Data Flow Diaivam

Schematics

Drawing
Numerical Data
Stpp-by-Ctep Proce lure
Other _

Fiqure 20 (Continued)
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ALCC T1,,' LINE SH"
- ~~.0 APTP.IN F'TIGiT'Jflr

REF. NUMUER F1JNCTbDN LOC.
0

-
- -1

1.2 1.1 Tun On Power
1A1.1 G<o to Circuit Brea,-.er inst-al-lation - ALOC parl 1 cC1iP p
1.o1.2 Verify all ciicuit bivale.rs are -I-sd CCCBP
1.*1 .3 Go to ALCC P0O.-1: ')U??LY Unit I I
1.1.1. nrev FOWEhR switchn to ON Efi:
1.1.5 Go to Code Petaininz Po--er Unit Br

i o .6 7hrow Code Rtainn.. Pow.er Unit 0:111OFF rwitch DT
to Oil position

1.1.7 Verfy Code Fctainrjin Povzer Unit dispi-ay Is ON MT
1.1.8 R~eturn to STA I 1-LP I III

1.1.9 Confirr P0'B7R ON display is 011 I-i.I1.2 Ferfor- LvL-n Tests
1.2.1 Rotte 94Lnd STA. 2 1,ap tesqt thuzzbw;_'eels 1-L! '2

to zero
1 .2.2 Cornfir-n 3 in irultiple-le--nd la-mps (Tefliclbt 1-4 12/2

Inlicators wl U be sequenced A tbru J &Ad K
thru T, respectively)

1.2.3-20 (Rea ,t. I1 & .2 f or I Is thru 9's) I',1/ if II H 'I
1.2.21 Rotate la: p test tt :-bwheels to ALL 142
1 .2.22 Confirm~ all sin-;1e Ic~end lzv-is illui-nnated I 10L2
1.2.23 Rotate lawz test th"b;esto OFF 1 -1,L/2
1.2.24. Confirm li !:Is arne Oil 1-411/2
1 .2.25 Depress STA I La3urch Control poanei LkX2-TEST 1-L?

button
1.2.26 Conftrm all lam~ps illuminated 1-U>
1 .2.27 Release ap t,?!t btuttcai 1 -LP
1.2.28 CO:.filn~ R1l _IaLC's nre OFF I-LP
1 .?.29_.5 Repeat pocedure--_s 1!- .G,4 for MJTA r1WD3rSSCR DP

panel Iia'ps

1 Vlock tape rcacdcr door. R Ifi
132Insert taye recl and hdjuot ER IIil 2Il I

1 .3.3 Close door & attach tuo padlocks E R2
1.3.4. Go to STA I1, Lumnch Panel 11
1.3.5 Dtpress & ielen FILL button 1-U>

1.3.1 Receive status; I3 PlROC&53 display OFF, 1 -TIP
00;-SIUS display ONl

1.3.8 Depress & rejca,e ii 7.[INID button 1-12
1 .3.9 ecccivc sitntu5; IN1 f'i DC;3 kdspl. ON 1 -L'
1-3.10 Rieceive stn' tu'i; IN Fft3C S A i:;)Iay OFF, 1-L'

Co>:i'1,.2'; dif ln1y O3
1.r1 eprrr! it relcoze r*3~HR3: iitci iC~L'~ 1-1.?

display OFF
1 .3.12 Repo~rt to Kmntcnancc & Opciticxs LP

* ~~:Fzmlt l1~ht wil~l be "ON" durln6 thiA
preccdurI I -A

i up. ; n rwi i 5cvli of 3ls2 "If.; 0 f""" "C

REV LIR ___________-89-



CC TV,',E LINE Sl ET

7 ItA1E Minutes (or s~conds)
0 12 3I II I *...........

Figure 21 ALCC Data Input Format

-"I I"
.,i 1 . . .. ... . . . .

liii jll II

11 H I

II I
II if II 111 I1 1, 11s)

, I__ I '!'i ii(. .j l H

ii ' 3 ') '.,

(33

of I I

I L ~- - tt.- - t .1J I I - -- -~!-
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C-5A FLIGHT C

LINE FUCIN A- 1.T CO-PILOT NAVIGATOR -NGINn
NO. LE-N

1 2 3 A 5 6 7

_ _ _ _ _ _ _ _ _ _ ____mob%~

RE I,1? NC. -----

- Figure~ 23. C-5A Flight Crew Task Analysis



CREW TASK ANALYSIS
ONTROL DISPLAY ACCES TASK TIME-BREAKDCWN (SEC T-BU H

AM~A.3TZR LOCATION

4~ ~~ fT--A

A-

9 --0 1--11K2 11_4111__18192112_21A_56 71 9J 3 23

___ ~ -_ ---I- I_ _

- _ -- - -- - - - H------1 - _

- _ _ RAN --- -

-~~~~~~0 %ft. ---- -- - - -

AACCW CODES C-OqNCY p Cy >-IO CODE', PEAIET:

mlm.ARImA FLIGHT 3-*WDERATE HA.FU) LLY

VUUTIBAMEC)Y P-A.S h-VEY DIFTI1- 3 - FX-l i iN

REQUIRED CULT
I-INTER- _______ _______

MI7FTENT ABOVE CCUFS RI :.A7'c :AF 'AA2F::
CmCONTINU-

A US



APPENDIX II

INPUT DATA CONTENT ANALYSIS

ALCC
C-5A

SATURN

LIST OF ABBREVIATIONS

The following abbreviations are used throuqhout
this Appendix under the heading "Source"

PSES - Pilot Study Experimental System

TAWS - Task Analysis Work Sheets

T-L - Time-Lines
RAS - Requirements Allocation Sheet

QQPRI- Qualitative and Quantitative Personnel

Requirements Informatio-

M aAA - Mdinten 'ce Activities Andlysis Sheet

OR - Drawings

LA - Link Analysis

OE - Other Engineering Data

All - All Sources Used
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DEFINITION OF DATA ELEMENTS (LUCID)

The following lB an alphabetized list of all the dats elements contained in
the LUCID data based. The list contains the definition of each element and
identifies the data base with which the element is associated.

A-CAL__-- contains the Air Force Specialty Code of the individuals
required to perform tasks. If more than one type of person is required
to perform a given task, AFSC contains multiple codes. The information is

sJlphanumeric in composition and contains a maximum of 6 characters, e.g.,
1416, 43151E. The AFSC is not accessible by its individual parts, e.g.,
shredout, skill level, career field.

CRITICALITY (ALCC, SATURN) - contains the degree± of criticality associated with
the overall performance of a task. For SATURN, the information is presented
in descriptive phrases containing a maximum of approximately 150 characters.
For ALCC, the information is presented in the following codes.

Code Equivalent Degree of Criticality

A Performance failure will cause an abort
resulting in equipment damage or personnel
injury.

B Performance failure will cause an abort
resulting in equipment damage and no
personnel injury

C Performance failure will allow operation
to be carried out but not within planned
limits

D Performance failure will allow operation
to be carried out but delayed beyond
operational tolerances

E Performance failure will not affect successful
operation

S Task is applicable to supporting activities
and will not materially affect operations

DIFFICULTY (ALCC) - contains the degree of difficulty ascociat-d with the overall
performance of a task. The information -3 presented in the fuilowing codes.

Code Equivalent Degree of Difficulty

Equipment design w&Kes task performance
difficult

P Skill or knowledge required makes Personnel
selection and training diffi~ult, and a
high probability of performance failure
is a-nticipated.

X Other

-116-



ENTRY DATE (all) - contains the date the information was entered into .he data

base. The date is presented in the form of three pairs of digits that represent

year-month-day. For example, 670321 represents March, 21, 1967.

ENTRY NUMBER (all) - contains a unique numerical identifier assigned to each
task as it is entered into a data base. The identifiers are assigned
sequentially wit'in each system and contain from 1 to 3 digits.

ENTRY TAPE (all) - designates whether the data base entry describes a task as

originally entered into the data base, or whether the entry has been subse-
quently updated in response to modifics ions to the task. If the task has not
be i updated, the element contains the value NEW ENTRY in ALCC and C-5A and the

vaue NEW TASK or NEW FUNCTION in SATURN. If updated, the element contains a
short df criptior of the modification.

EQUMENT MIPULVABILITY ('-5A) - indicates how well an individual can mani-
pl ate the eq pmen' util.zed in performance of a task. The information is
presen d in the fc-lowing codes:

Code Equivale Manipulabilit

E Excellent

A Acceptable

M Marginal

U Unacceptable

IKUIPYETI REACHABILITY (C-5A) - indicates how well in individual can reacl. the
2quipment utilized in per-'ormance of a task. The information is pre- nted in
the following codes:

Code Equivalint ,*eacha bi litv

E Fxcellent

Acceptable

M Margi ial

Unaccep ihle

_.JU-PvENT READABITITY (C-5A) - indicaLes hiow 'ii an indivi ,ual can read a
disrlav surfav-e , gauge, e l - . , utilized in performance of th<, task. The
infor-,tion is presented in the following codes:

od Equivaient Readabili y

F. Excellen~t

A Acc'pt able

M Mi; I :_i

~-117-



VIS
EQUIRMENT VISIBILITY (C-5A) - indicates how well an individual urn see an iLem
of hardware that is required for the performance of a task. The 2.'formation
is presented in the following codes:

Code Equivalent Visibility

E Excellent

A Acceptable

M Marginal

U Unaccep able

F UNCTI(.J (all) - indicates that portic cl a T ssion profile that is perform 1
by a related group of tasks. The info-mazio, is al-hanumeric in composi ion
and contains a maximum of 72 characters.

FUNCTION CHECKOUT TIME (SATURN) - contains ie total time, -xpressedi .n minauos,
to perform the automated operation as descr .ce in the fun-tion.

FUNCTION DESCRIPTORS (SATURN) - contains the ,ames and sequence or tasks 'hi--

are performed if a failure is detected during the automated checkout.

FUNCTION START TIME (SATURN) - contains the time, in minutes, at which a
function begins. Time begins with a large negative number and proceed- r ztro.

FiUN.ZION TIME BUDGETr (SATURN) - contains two values ident ifying in-r :ent, or
decrements of time, in minutes, by which the start and stop time -" ,a may
be altered without affecting the performance of a task. The i-f~rrat'o-
alphanumeric in composition. Exwrmple: START T-167 HR, EN T- 7 M'N.

HARDWARE INFORMATION (all)- contains the names or designators of tha har. 4'are
associated with a specific task. The information is alphanumeric' p i
and contains a maximum of 72 characters for each item of hardware.

HAZARDS (all) - contains information regarding the risk associated with cerf rm-
ing a given task. The information is a hanumeric in composition arid -C .
a maximum of 72 characters per value.

LOCATION (all) - describes the physica. place associated . th the performa''e n'

a task. Locations range from specific crew work. stations ior , rprational racks
to field maintenance facilities for maintenance tasks. The inf(ioar-1tion is
alphanumeric in composition and contains a maximum of °) carv'te'!.

MISSION PHASE (all) - contains the broadest level of mission p file
information of a task. it is alphanumeric in composition a' n'ains a mixinu.
of 72 characte:'3. Tyrpical values are "preflight," "airb)orne," %n, p,SI-Lht
operations.

MISSION SErYMENT (all) - contains a breakdown o *.ht -Ien fhtn9 i. -1, 1
tas- is performed. The information is alpnianumeric- in -inJ~a.~n!~ i

a maxim=.n of 72 characters. T'pical values (for t ie r"

operations") include "cl mb, cruise," and"JesQeni

-118-



PERFORMANCE CRITICALITY (C-5A) - contains, for each individual involved in the
performance of a task, the degree of criticality associated with its perfor-
mance. 7Ie information is presented in the following codes:

Code Equivalent Criticality

K1 No Hazard

2 Possible Hazard

Extreme Hazard

PERFORMANCE DESCRIPTCRS (all) - contain the individual man/machine procedural
steps required of individuals in order to perform a specific task. Procedural
steps are the smallest set of perceptions, decisions, and responses which the
human must perform in conducting a task. Included with each procedural step
-3 the AFSC or NASA designator of the individual or individuals performing the
operation as well as the total time requirtJ to perfc.- proceduraI step.

The information is alphanumeric in composition and is generally quite lengthy.

PERFORMANCE DIFFICULTL (C-5A) - contains, for each individual involved in the
performance of a task, the degree of difficulty associated with the peirformance,

.e information is presented in the following codes:

'ode Equivalent Difficulty

I No difficulty

Minor

Moderate

Very

'PFc'RM'E KE UEN(TY ("-5A) - indicates, by code, 'how ct'ten each ind'vidui

nvolved n the task performs his assigned duties.

Cod' •  Eluivalent Frequencv

Once' per fligt

As required

[ rterni' e

'24, - NAI'ME (all -ontains the *ffioial tie, e.g. ri t, rad, rer-alrn
, ne in'lve in the 7er :,rmsn.n e o"' *,ffs. A .qme exists: f'' ,ach

,N - M & - cnta ris )ne r :e .a ',e: rep resentt, -
:'u'her t ,'...h te<:;n

, ,
"vT.: r, uir l ": : rf~ .. t s-



PESONNEL TIME~ (all) - contains one mort times, each associ ,atel w-Ith a
particular personinel type and identifiets the amounit of time, in mninu,,tes, src_-t
in the performance of a task by each of thc personnel tymPes noeu:

j RMAMS(all) - contains the revision cde assnciated with the last revision
of 4-h task. The information is expressed by a single lt;.o,~ i
revision has occarred, the word NOYE.

REVISION (ail) - contains the revis'on code associatxed -with the last r-visp';
of the task. The info-nation is expressed by a single letter, o r, C'2

revision has occurred, the word NONE.

SAFET PRECAUITIONS (all) - conta-Is statements regarling prei'autiors, to.1 be taken-
during the performance of a task. The informatio n contaro, a rc cmu C

cabaracters.

SOURCE IDEf'I'TFICATION (all-) - contnins the author , docurnent referenl-es, rI-
ating organization, se:'1irity classificat.on an,! date associ'ated wit" tn'e
analysis of a task.

SPEVIAL SKILLS 'C-5A) - conta ns ctatements identif'vinw **- - al, verbpL
preceptual, motor, judpnental capabilities and the knowl-dge c theory eu e

by ndiidulsto properly perfcr7i a task

SPECIAL TOOLS /EqUIMEN1 kall) - contains the items cqf equiicmen* r-q,_1e to,
perform a task. Each item contains a --Rximum of 79 charac-ers.

'A' 1TIE (C-5A) - contains the time, in m1.-tes, at whic h a task e4s
C-5A, time is oalculated chronologically from. the start of the cae
begin~ning at ti- e Lero, and continuing until the end of the Tcost-: ,1's 9 .

SW?, TIME (-A -contains the stop time, in mi .~
performance of a task. T'he tine is referenced -hr n Z,, P-.7

or the preflight phase, whic,-h 1is- identi'fle! as tm

TASK (all1) - contains the name cf the t ask bem 4., '1 ! 'ask

basic performan;:e unit of a ni!sqsion :~~e ig~~- ''

steps that specify the indiv',,til humanl act+ion s e,-ii-r!7: 7

The task name ,ontains a rnaximum Df hnatrsw2' V >

TASK FEU!ZVCY (&ill) - es.crlbes how often a *mczi Lt ,
Is alphariumrrlc &nd oontains values;sh as * once
and "twi-e per aission,"

TOTAl T ASK NFM (al) - co-ntains. t 1e toaltne n7i
ek task.

TR-.A. I N NG .RIQUI F EM"12 (A LC, et ist;s CL*;"

ments necessary fo r eac h -ers nnt; tyce In ve-d

-120-



I

F. ALt', requiremerts are T esented in the fcrm of lescriptive phrases. For2-iA, the frIl:)wirg ce:,7 ar. used:

C~deF uivaiernt Tril; e~ieet

ri.Liar zati-,n only

,aiiel kowlelge

3 Ft~~-t - -if'e

I
I



APPEI ,)x IV

INPUT DATA FORX
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In~dex No.

1) Object System: 2) Da.te/Revision: 3) Security Clssificatton

4) Orignating Organization 5) Author/Do,. ient:

6) Referene: 7) Type of Performance

_ ) ̂ -ctl.on/'Taak, Name/Namber: 19), .,o !nformatiqn

10) System Information

11) Hardwa-re Characteristics:

12) Remarks (Indicate Specific Referennt Block or Subject):

Form
AMRL-Q 89

Aug -



I nerx No,

13) P&!r-ormw e Description

14) Performnce Characteristics

I _____-___

15) Personnel Descripton 16) Tim e :t

I , --25-
ANKLO OAA89 I 15

Aug 66

ELL



APPENDIX V

DATA ELEMENTS (LUCID)
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The following four lists contain the elements of iat.a used t- jef'ine the ALT

C-5A, SATURN, and INDEX data bases, respectively. Defin:'onz fo- eah tte

categories are contained in Appendix -IT

ALCC DATA BASE

ENTRY NUMBER
ENTRY TYPE
ENTRY DATE
SOURCE IDENT7FICATT-
REVIISION

REVISION DATE
REVIARKS

MISSION PASE
,M-SSILON SEW 01,
FUNCTTON

PERFORtMANCE DES CR IPTORS
LOCATION

HARDWARE INFORMATION
SPECIAL TOOLS!EQUIPMENT
TASK FREQUENCY
HAZARDS
SAFETY PRECALTTIONS

TTAL TASK TIME
PERSONNEL NAME

* AFSC
PERSONNEL NUMZLA
PERSONNEL TIME

DI,'CULTY
CRITICALITY
T INING REQUIRE3ENTS

Each of these elements contaiis multiple values that share a correrpondence
with each other across the elements, e.g., the first values f .r PERSONNE.L
NAM4E and AFSC are lirectly related, a..; re the second values, and so forth.
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RE VIS iON FA"
REMARKS
MISSION PFASE

MISSION SEOMF T

FUNCTION

PERFORMANCE DESCRIFTOEC
LOCATIO0 N
HARDWARE INFORMATION

SPECIAL TOOLS/EQUIPMENT
TASK FREQUENCY
HA ZARDS

SAFETY PRE"4UT IONS
PERFORMANCE TYPE
TOTAL TASK TIME

* PERSON'1EL NAME
* AFSC
* PERSONNEL T4JIMB ER
* PERSONNEL TIME
* PEFTOR7MANCE DIFFICULTY

* PERFORMANCE CRITICALITY
TRAINING REQUIB:V1*NTS
PERFORMANCE FREFQJFNCY

* EQU IPMENT P]EAPABI LITY
EQUIPMENT READA ILITY

* EQUIPMENT REAC 45 RILITY

* EOU I PMENT MANiPULABILITY
: SPECI'l. SKILLS

S TART T IME"

STOP TIME

* Each of these elements containsmultiple values that share a correspondence

with each other across the elements, e.g. , the first values for ESiO"FI

NAME and AFSO are directly re-lated, as are the second values, and so forth.
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R F; I N DAT F

IASK
P Ff')MANY FS7IT

HAFDWARE pM
T

2

SPECIAL TL SE.~~lN

TASK FRFEIQJNCY

SAFETY PSECAI-TZN'S

PE2FORMANCF' 71'P

*PEFSQNNIEL NAMII,

*~~ PF-l.TNN' 1

T71 NNELT'% 7 .'PT~'

Eh c these e ~ement 9 )z,! aiin s muit I1 s- n~& e.*~ re F

with each otler ac-ros' ~e vet-Iti, t"(e '"9 %- l

NAME Pund Pa*,7ONNFL t E*eed r'.L (itc. r t 41o '7

so forth,
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* sIRS NNYS'D

D'eflnit i fos 'r the categori es are, th- scime as tno se lefmed in Appendlix 1 l'

c2 'cnt Inc the na~mes Of all" s''stems > r w'c' ata tases exist in the

'r~'i r1 f- ~.e)ba' 1s %1 1 F si7'n ph)a s e m ms s or nsfeg -

oet ' r. .-prvi det a Il insiht. into the

W, '-' .:.- ta tr~ & re o, .. te ft rt vn>'les ' 'F5N F

r: ac. tte 1.au-



I

I r N

I
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.,ne fundamental. task to be perf,>-m7ed I to ex*'- c' --e i"a rM e De

Number forms sequentially begirnin6 with 7:" -ace 'e number scai c
labeled Tndex Number.

Block 1 - Will always be "ALCC-AVE"
Block 2 - Will always be1/56
Block 3 - Write Unclassiufed
Block 4 - will always be "Boeing'
Elock 5 - Doc-uient title wnll always be "ALC' ueerat-4 lTs r~lssa~

Timeliness"
Block 6 - Dat~a are found on line #30' cf the Tiask i~ontc.Smay.1
Block 7 - Data are found on line #1i of ""IS
Tlock 3 - Data are found on i n e # 1 of IT S
Block ;, - Data are found en lines #3and 11 of 7TS
Block 10- v'xtract data from lines; #18 and 19 Ic" S

a Copy each different coded equipment designator fr_=m t-he Leln
of the cmrresponding task, time-line.ral ~~ cced des- kzr.atoDrs
are circlIes in red on psge 0 of 'Secti ' 7me-lines

b. Each TIS has a corresponding TAW? (Task Ar~alvs- oI r' het
this TAWS is found on th page f 1 owing the 71.Ext ract frcr
paragraph 8 of the TAWS, any centrolIs or equipment tnat
Ftppears with -1 cheek ( )mark. Supplemental euini inor
mation may appear in paragraph 0' of TAWS0; if sr;, incIude t, ,is
iifnrmation.

NOTE :'Pois are not eq'uipment. We are concefrnedl here with
equipment components anid s':bass;omhlies We are not
concerned with oonditlons under which they are use,!.
(See Block i6 remarks.) Do not duplicate equipments
or controls-.

Block '.I- W111 always Le blank
Block l,'- Although the section appeirs ear-ly in the form, it should 'ic, com-

pleted nnily after all otner sections have been completed. (Proceeco
t , Block I i.)

Miscellaneous comments necessary to explain any otF thle other
it ems.

-134-



I. Bc ~'n -,r #0 rc' '&anling) of T'AWS is
~e xe. ( . onsiderable -recori from pa~ragraph # 2 of TPAWS,

'r~~Gng comment regarding w-; that special handling

C. ec-r any oncents from rearagra-ph #5 of 'PAWS recarding Consequence
e _ .n'ere.

2. Ay c-ther 2-- rt4-re nfnato c you feel should be called
ouratentonregarding th'is "task".

IiC 1?-: t boo " S ..- 4nseoence fr om Task 7'me-lrne oDf correspording task.
is cs-cn r.- ,ageS cf Section 2, Ti me-line-.

cO notncud tine if o-mati4.on . Tt is re-orded in a-nother

a. . ee e -, f TCfor loc at ion.
bt 1- 4 -e t IC r' "'O r 4-u"ency.

'"e# 'fI for CrCtia1 4-v/d f f'i U1tv.
See raan ar 9 ;of TIS _for Trainmng he".nrements.

e. e caazr'[' " __AS or srecial. tools - if none, 'write
none.

f. B'ee rara-ah of 'PAWS for Safety P recaution..

-.-is iter, olease label the information a - b -c-etc.

o~os. - b l-es 1415ito TIC Please give time, title, I.e., elapsed
tme , a n 4 numerical value.

At this point, cocoeBlock 13, a -Ad



GUID _ .INS FJR DATA 'Dc'TIRACI.N C-5A

Ger -ral

The fundamental task to be performed is to extract the data from source materials
and record them on the forms provided. Th information recorded should be recorded
exactly as it appears in the source materials. Few judgments will be necessary
cn your part to complete the sixteen item.5 on the form.

Secific Instructions

Number forms seauentially: Maintenance beginning with COi, Operati..ns beginning
with 4ol. Place the n'ira:oer in the block titled "Index Number".

Block 1 - Will always be C-5A
Block 2 - Will be found on the "Requirements Alloati . Seet" (F'RAS or the

"Crew Task Analysis" sheet as <'Criginator & Date". If a
revision has been male, it will be identified on the "RAS" or the
"Analysis".

Block 3 - Will always be Unclassified.
Block h - Will always be Lockheed.
Block 5 - Maintenance document title will always be Requirements Allocation

Sheet (RAS) and the "Document Number.. The author will be found in
the lower left of the RAS as "Originator and Date".

Operations document title will always be C-5A Flight Crew Task
Anal si s,

Block 6 - For maintenance tasks, copy from "S urce Document" block.

lor operations task use, "one.
Block 7 - For maintenance, >se Preventive Maintenance or Maintenance as

indicated by source documentation.

For operations, use Flight Operations - Routine.
Block 8 - For maintenance, (F7;sL u,'tle from the first sheet of a maintenance

operation; (r) use descriptor title of operation being performed
and repeat title from (F), e.g.,(F) Inspect Aft Pressure Door LH
(T) Remove Aft Pressure Door LH.

For operations, (F) use title from first entry of "Analysis Sheet"
column 4; (T) use title from next indenture of column 4, e.g., (F)
Start Engines anri Before Take-.off; (T) Check Radios.

Block 9 - For maintenance:
Mission - transport personnel/cargo
Phase - ground waintenance

or
phased inspection

Segment - enter specific operation being performed
For operations:

Mission - transport personnL/cargo

Phase - preflight
or
flight

Segment - enter specific- operation being performed
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Block 10- For (F) accumulate all hardware items used in subsequent tasks.

Fcr (T') and maintenance enter information found in columns E! and
E2 of RAS.

For (T) and operations, enter hardware units from column 9 actually
used during the performance,

Block I1- For maintenance, enter None.

For cperations, enter code found for eac. performer under the
following categories:

Visible, column J0

Readable, column 11
Reachable, column 12
Manipulatable, column 13

Block 12 -Although the section appears early in the fc~n, it should be
completed only after all other sections have been completed. Proceed
to Block 13. Block contents will consist of:

Miscellaneous comments necessary to explain any of the other
items. (Maintenance; Column C of the RAS).

Record Lny ",,utions or "Notes".

Record any pre-function or pre-task conditions that must be
ac omplished before this event can be started.

For maintenance, enter any data from column G of the RAS.

Record any other information which you feel should be called
to attention regarding the task or function.

Block 13- If (F) copy the task ti-les that are included under this function.

If (T) copy the AFSC, the action(s) performed ard the time required

for each action.

For (T) maintenance use colnns F3, Fl, and F2.

For (T) operations ente r AFSC as follows:

Pilot 1055Z - colu,,n 4
Copilot 1045Z - column 5
Navigator 155Z - column 6
Flighit Lngineer 1585 - column 7
Loadmaster 60570 - column 8

Cop. man/machine action from appropriate col.mn and enter time.
Block 14- Location - describe location where perfnrsr.ance -is occurring,

Use colum 9 on "Analysis sheet" for operations.
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For operations:
Enter codes as indicated in the particular column for each

performer for the following categories,

Frequency, column l4
"4 fficulty, column 15

uriticality,column 16
Trainir Requirements, column 17

NOTE: If more than one value is entered on the source sheet, for
a single performer in any of the above categories, always
record the value containing the highest value for that one
task only.

For maintenance:

Enter the code found in column F4 of the RAS.
Block 15- Record for (T) greatest quantity of each AFSC required in columns i

4, 5. 6, 7, or 8 for task completion.

Record for (F) a smnmary count of the greatest quantity of each
AFSC required for the performance of any one task.

Block 16- For maintenance (T) record the acciunulated time requircd for each

AFSC type to perform the task, then ad( all times to p-ovide a
AAY task time.

For maintenance (F) record the MIAX task time for the tasks within

the function.

For operations (T) record as follows:
Time limitations - column 25 and 26

Start time - columns 27 and 28
Stop time - colunns 29 and 30
Total clock time - columns 31 and -2

Each AFSC's time - total of columns 31 and 3? for each AFSC
Total man time - total as above for each AFSC times the nM wer

of AFSC's required
For operations (F) record the total clock time for the tasks wire, ,n
the function.

At this point complete Block 12 (See instructions for Block 1?, page I, ).
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GUIDELINES FOR DATA MXRACTION (SATURN)

The furdasmenta2.' task to be performed is to extract the data from source
materiale a~nd record them on the forms provided. TIhe infformation should 'be
recorded exactly as it appears in the source materials. Few judgmentE ,rill
be necessaay or your part to complete the sixteen items on the forms.

Specifc instructions

Numiber fotums sequaentially beginning with 501. Place the number in the
srpaee laRbeled Index Number.

Ilock I *- Will always 'he SV
BJlD.K '- - Get date from bottom of each fiLrst analysis sheet of documents

D,--2'6001-910 and D)5-16001-523.

No revision letter for the -910 docum- . Revision letters have
been indluded in the -523 document ae part of the P.E.N/OPS
Ac,.tivity No. e.g,, 1523-12-C. "C"t is the revision letter.

Block 3 -Will alwayvs be Unclassified
3lock 4 Wi~ll always be Boeing
Block 5 Author for -901 will be found at bottom of' first analysis sheet

after "nineer",

Autnor for -523 will be found at top of sheet in s-pace
"Pr epared By".

Title will be as indi.,ated
Block b-Will always be none when ,ising -901 dociument.

Whern using -5123 document references will be t'ow-id at bottom of
last "Fquipment Maintenance" steet.

Bl c k.- Will always be Maintenance
B.I-ck 8 11'f us-Ing -901 record 7F)the name found in "Event Title" and

"P- ent No)."

if -5i1".>33 record (T) then name in "Nomenclature" following
"l" ir, .Jcumn 4. "Indienture" on first sheet of Equipment
MaI nter'nfce Sequence.

S i o o W,! alwNayF oe as foDl lows:

idio1s 1on -Assembly Checkout. Launch Vehicle
is :e VehiclIe Systems Analysis, Fad, Fueled.

,?t gr.e~ Mti ntenance Analysis.

P.10(2k l.'- r F' ,c'uul~~e all spe'ial tools arA 'equipment found in
c > 1um 1 e nd of cC Mai~nnoe Requi rements Analyr~s Form".

r lst, oequertienIy all equipment found in Column 5
P~~evi~ "ad l,)umn (n .. 'ug. Model Fart No." of "Equip-

ment Mi' rt ' cqwo 'ev" and also the equil-nent found in
I Mairtenrre !'equi reme-nts Analysis Form.'



Block I - Will always be none
Block 12 - Although tht scction appears early in tht form, it should be

completed only after all other sections have been completed,
Block contents wil. cons. A. of'

Miscellaneous comments necessa,- to explAin any of the other
item

Record -ny "Cautions" or "notes"

Record any pre-function or pre-task conditions that must be

accomplished before this event can be started.

Record any other information which you feel should be called

to attention regarding the event.

Bloc:r 13 - If W copy sequence from "Sub Even'.." c- , 9r. ue.

first sheet of each "Equipment Maintenance Sequence' .

Block 14 -Location will always be Kennedy Sp1.ce Cent.r, Launch Complex
32 Mobile Launcher, Launch Control Center,

Criticalit will be the greatest criticality recorded for the

event in perf crit" column of the "Maintenance Analysis
Requirements ianalysis Form"

Criticality index is:

A - Little or no effect. Would not affect ,he mission success.
E - Could result in some degradation ot eq ipment blit would

probably not affect mission success.
C - Mission success would be compromised to an unacceptable degree.

Block 15-Record for (T), man type and greatest single quantity required for
event completion. Record as found in Section D columns 2, 5,
of "Maintenance Requirements Analysis Form".

Record for (F) a composite summary of persor-el required for each

sub-event or task.
Block 16- Record time in minutcs but MAX Task Time is to be recordd in

hours and minutes.

For (T), record time required to comp1ik each requir-c action.

If more than one time is found for %n action, record the largest

as (MAX).

For (F) recoird MAX Task Time for each task.

At this point complete block 12.
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APPENDIX VII

KEYPUNCHING GUIDEL'NES



KEYPUNCHING GUIDELINES

Every piece of input consists of a fie'id ntimber, one or more spaces. a value,
and one or more spaces. The value is given to the element having that field
number in the data base description.

I (PREFLIGHT OPERATIONS) 2 TAXI

Values for string elements are entered by repeating the element field number
and a value

9 THROTTLES .,,UDER 9 FLAFS

Values for elements in a string set are entered in the same way except that
the order in which they are eitered is important. The first value for an
element in a string set is associated .4ith the first value for every other ele-
mont in that set, and so or,. If a value for one element in a string set exists,
an associaL.d "1u f_- o,, -'her lement in that set must also exist, There-
fore, if no real values exist for .ertain elements In a string seL, "dLmy"
values must be inserted. Values for a string set may be entered in either of
the following ways:

6 10552 7 (TROOP CARRIER P:LOT) 6 10452 7 (TRANSPORT PILOT)
or

6 10552 6 10452 7 (TROOP CARRIER PILOT) 7 (TRANSPORT PILOT)

One or more blanks may separate field numbers and values. If a value containq
blanks or conmas, it must be enclosed in parentheses. If 3 value contains
embedded oarentheses, left dnd right parentheses must natch and the entire
value must be enclosed in parentheses.

5 (INSPECT -ANNUMICATOR AND WARNING LIGHTS (USE TEST SWITCH)

A valu; may contain not more that 256 characters including blanks.

The end of all values for an entry is indicated by the entry terninator de-
fined in the data base description. The end of all input is indicated by the
word TERM.

Specified keypunching rules were also followed:

Columns 1 through 72 may contain data.

*Related string elements in a, entry.
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Column 1 of each card is treated as a continuation of the pre-
vious card, allowing a field number or value to extend between
cards.

The entry terminator may not be split between cards.

The input terminator, TERM, must exist on a card by itself.

Data values may be stored on cards in two ways. A field number and a value
may exist on a card by themselves (figure 24) or a field number and a value
may be immediately followed ty another field number and value (figure 24).
The first method provides much more ease in the desk editing of the data and
correction of errors not discovered until the loading of the data base.

The second method provides for a savings of storage area and, in the event of
large data bases, considerably reduces the time required to load the data base.
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C-5A JDA:1A ErMN

Thc! following is a list of elements in the C-5A data ba.,e as restructured fc

TP, 2.

EYMY~ NUI{3ER
ENTRY TYPE
MISSIO' PHASE
MISSION SEGMENT
TIME SEGKENT
Z ASK

TASK VERB
TASK STATEMENT
T1 IME
STA~FT TIME
STOP TIME
PERSO)NNEL

AFFC OFFTIER
AFSC AIRMAN
AIR FORCE SPECTAL:TY

SY7REDOUT
POSITTON TITLE
PE17RS-ONNEL TIME
PERSONNEL NU1MBER
D I' F! ULT Y
CRTITI CALI~TY
T'PATINING HQIEET
PFEPCRMANCE FFYqUFNC-Y
EJQI,7)LMYN- V [S I PI I TY

~IIPMET RADA5 ILTY'

EQSIPMEN T 3 F!A'HAR1!7'T'Y

'PFC'IL1{f



APPENDIX IX

DEFINITION OF DATA ELEMENTS k/TDMS)
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DEFINTTION OF DATA EL-MENTS (TDMS)

The folloving is an alphabetized list of all of the data elements contained in the

TMS (C-5A) data base. The list contains the definitions of each element.

AFSC AIRMAN - contains the Air Force Specialty Code of the airmen required

to perform a task.

AFSC OFFICER - contains the Air Force Specialty Code of the officers required

to perform a task.

AIR FORCE SPE,.ALTY - contains an alphanumeric designator of an ability or

skill not restricted to a single utilization or career field for each indivLdual

involved in a task.

CRITICALI2Y - contains, for each individual, the degree of criticality associated

vith the performance of the task.

DIFFICULTY - contains, for each individual, the degree of difficulty associattA

with the performance of the task.

ENTP '" DATE - contains the date the information was entered "n the dath base.

ENTRY NUMBER - _ontains a unique' numerical identifier assigned t0 each entry

as it is entered into the data baqe.

ENTRY TYPE - designates whether the data base entry describes a time segment

as originally entered into the data base, or whether the entry has been

subsequently updated. If update, the clement contains a shor't description of

the modification.

EfUIPMENT - contains no data values but is merely a heading for a repeating

group of el-aents.
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EQUIPMMENT ITEM - contains the names or designators of the hardware associated

with a specific task.

EQUIPMNT MANIPULABILITY - indicates how well an individual can manipulate the

equipment utilized in performane of a task,

EQUIPMSNT REACHABILITY - indicates how well an individual can reach the

equipment utilized in perfcrmance of a task.

EQUIPME.' READABILITY - indicates how well an individual can read a display

surface, gauge, -tc,. utilized in perfo2mance of a task.

EQUIPMENT VISIBILITY - indicates how well an individual can see an item of

hardware that is required for the performance of a task.

HAZARDS - contains information regaiding the risk associated with performance

of a given task.

LOCATION - describes rhe physical place associated with the performance of a

Uask.

MISSION PHASE - contains the broadest level of missicn profile information

associated with the performance of task.

MISSION SEGMENT - contains a breakdown of the mission phase in which a task

is perfcned,

PERFORMANCE FREQUENCY - indicates how often each individiuail involved in the

task performs -- usasned dut ies.

PFR ONNEl, - conta inc no data values but. is morely a heading for a repeting

group of data.

PERSONNEL NIMBER - oont,-aiin.; a numeric value representirig the :iumber of each

type .' ' personnel required to perform a task.
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PERSOMNL TIME - identifies the amount of time, in minutes, spent in the

performance of a task by each of the personnel types involved in the task.

POSITION TITLE - contains the (?ficial title, e.g., pilot, radio repairman,

of each type of personnel involved in the performance of a task.

RE!ARKS - contains any relevant miscellaneous comments associated with a

task.

REVISION - contains the revision code associated with the last revision of the

task.

REVISION DATE - contains the date of the latest revision.

SAFETY PRECAUTIONS - contains statements regarding precautions to be taken

during the performance of a task.

SHREDOUT - contains an alphabetic suffix to the 4FSC showing qualifications

in specific equipment or functions.

SOURCE - contains no data values but is merely a heading for a repe,. ng group
o-7-ments.

SOURCE IDENTIFICATION - contains the author, ." ument refern:es, originating

organization, security classification aw(1 date associatd with the analysi ,

of a task.

SPECIAL SKILLS - cont.ains statt -ent identifying the visual, vwrbul, !,rceptl.i

motor, Judgmental capabilities and the knowledge of theory required by indiviiual

to properly perform a task.

SPECIAL TOOLC/EQUIPMENT - contains no lata values but iv merely h'ie dinw ',.r

a repeating group of elements.
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SPECIAL TOOLS ZEQLMEN ITD contains the items of special equipment required

to perform a task.

.START TIME - contains the time, in minutes, at which a task begins. Time is

calculated. chronologically from the start of the preflight phase, beginning

at zero and continuing until the ernd of the post-flight phase.

STOP TIME - contains the stop time., in minutes, associated with the performance

of a task.

TASK - contains no data values but is merely a heading for a repeating

group of elements.

TAS( FREQUENCY - describes how often a task is performed.

TASK STATEMENT - describes an action, performed by one or more individuals at

sp&',ified times, directed at the accomplishment of a limited goal.

TA>._ VFRB - c-)ntains the vorb which describes the action or process of the task

nltatement.

-contaliis the total time, in minutes , required 41(- perform. a task.

"IME fEMNT lent i ies the -s.,ient of time lur i sw whicoh ai rtIlt el Orctq

a sks art, perf roi

IHA N N H 2Q IH~YNT I"n i !it en tose p ra i ring rIu i :trr e::im

pe rs onniel t vpe i nvolvol in the- po-: formaiie of q tasK.
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BUILD AND MATCH PROGRAM

PROGRAM BUILD

START 72 BUILD

TABLE INPuT R 10 1

BEGIN

ITEM IN H 8 0 0 N;

ITFM CH H I c 0 M

END

TABLE OUTPUT R 512 1

BEGIN

ITEM O 'T.H 8 0 0 N

END

TABLE NAMES P 9 1

BEGIN

ITEM NAME H 8 0 0 N

bEGIN

,9H(INAME #t-)) 9H(NAy'N>) 8INY #F INz AM
END

END

TABLE CODES R < 1

BEGIN

I TEMCc )FH 8:4

ITEN

T]i N8

'TI P.c
,7 E. T.-: Y I "K # r ::,1 # .

ITEY YES H ] I

I.~ NO h 1 7 IH(N);
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PROC IDTT

BEiN

FOR ~'=019

IA)=BLANK ;

PROC XIFEj?

TME A.A 3 u;

FOR A ,

7 ",A AA.

7N I



IF CHI NQ YES

GO'IV'A30;

Pij~Wlv i211(ENTR~ SYSTEM~'

RDrY,

A40. PRINT 1i4H(LI!{TT MISSION?)

RDTTY;

IF CHI EQ NO

GOTO A50

IF CH NQ YES

GOTO AhC

PRINT 11H(ENTEP PHASE

RDTY ;

PRINT 13H(ENTER SEGMEN-)

XFER(20)

IF OUTTI201 EQ 8H(NO-lt

OW['L0o EQ BIAtK

A50. PrUINTl 1511L M 7 7N IN'

IF CiiE N"

GOTQ A

I F CRH N" YS

C TO A5Q

A60?. 1 '1 1 i Yv: ~A rA'.

I F Th F*Q W

GOTU A,7 .

IF 7R N YFS;

MOR A-01

BE I N



. tTETYPNfAM.ES+AIl);

GOT A70

ENDl

AT). PRINT l6'(MM:PS NE )

I REQ No

:7CH N-yES

I)]] AI

T ~ ~ ~ ~ N ---'"

- - - - - - - - - - - -- - - - - - -
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PROGRAMA MATCH

START 72 MATC),

TABLE DATA F 512 1

BEGIN

ITEM Dl h 8 0 0 N

END

TABLE PRCFL R 500 1

BEGIN

ITEM 71 H 8 0 0 N

TABLE INPUT R 1 1

ITEM IN H 6 0 0 M

END

TABLE OUTPUT R 18 1

BEGIN

ITEM OUT H 8 0 0 N

BEGTI,

8H(SYSTD! -) SH( ) 8H( TASK - 8H(

8H( 8H( 8H( ) :H(

3H 8H(ENTFY # ) 8H( ) H -'rP

8H( 5H( ) AH(

OH( ) 8H(

F2SD
END

TABLE NXTFLD R 0o0 1

RIN IN

TEM FLD H 8 N

ITEM MTCH h 1

IfEIM TI I 8 U

TTEM SYS H 

ITEM DCOL 48

ITEM DREW I L8 ;
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IT1'NWU I-R 48 Ti

ITEM PhROW I L48 U

ITEM NIJENT H 1

!TTE NOENT H 1

ITEM SCTRNO I 48 U

ITEM CHAH I 48 u

ITEM F1TST-M 148 U
I.TEM'a FLAG H 1

ITEM YES H 1 P IH(Y)

IT04 NO H 1 P 1H(N)

ITEMN WRDS1 1 48 u

ITEM WPJ)S2 1 48 Ul

IlrEM NTM H 2;

ITEM BLANK H 8 P 8H(

PROC CHKT

BD.M N

IF BYTE(7,i,Dl,[DYO"]'18) EQ 20(76)~

BE CIN

REED. RDX1 SYSTM,SCTRNO,DATA,51?=Tl)

SCTRNO = SCTRNO + j

DROW -0

DCOL =0;

IF BYTE('7,1,Dl[DROW],8) i Q 20(75)

COW REED

IF BYTF(7,1,Di[DROW],8) EQ ;20(77)

BEGIN

PRINT 1H(

PRINT 13H(ERROH IN DATA)

END

PROC MOVIT

ITEM PAJREN I 48 u;

BEGIN
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FOR A 0,1,8

BEGIN

FI =A ?&TANK,

END

FOR A w 0,1,36

FOR B = 0,1,,7

BEGIN

TST. IF BVrE(DCOL,1,1[nP, OW],8) EQ 1H( )
BEGIN

IF CHAR EQ 0

BEGIN

HIT

GOTO TST

END

IF PAREN EQ 0

RETURN ;

GOTO MOVE

END

IF BYTE(DC0L,1,D[DROW],8) EQ !H(()

BEGIN

IF PAREN EQ 0

BEGIN

PAREN = 1

HIT

GOTO TST

END

PAREN - PAREN + 1

GOTO MOVE

END

IF BYTE(DCOL,I,[DROW],8) EQ IH());

BECIN

IF PAllEN EQ I

BEGIN
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PA7N= 0

HIT;

PRETtrRN

END

PAR2 = PAREN 1

GOTO MOVE

END

MOVE. SBYvT(B,1,FLDA],8,Br(DCOL1DlDROW],
8 )=FLD[AI)

CHAR CHAR + 2.

YTT

END

EDEND

PROC HIT

BEGIN

DCOL = DCOL +

IF DCOL EQ 8;

BEGIN

DCCL = 0;

DEOW = )OW + I

CONWRD =coINRD + i;

IF CQXNWRD EQ 10

;DEGIN

--F BYTE(,,!f D1OWj 8) EQ 20O(32);-
BE GlINs

DROW =DROW + I

RF2TUTRN

END

CIIKIT;

EN D

END

EN D

PROC MMTCT

BEGI N

YY. TVXR AO 0,-,8

BEG 1N
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'tF Pl[PRow+AJ NQ FLD[A]

BEGIN

ZZ. !.CH NO

RETURN;

END

MT1CH *YES

END

END

PROC NOWEDS

BEGIN

FOR A a0,1,8

BEGIN

IF OUJTfA] EQ BLANK

BEGIN

OUT[AfA= 16o(32776o~o6o6o6o6o)

WRDS1 - A + 1

GOTO QQ;

END

END

SBrr 7,1,OUT[ 8],8 ,20(32 )=OUTr[ 8]

QQ. FOR B - 9,1,17

BEGIN

IF oUT,[B]I EQ BLANK

BEGIN

OUT[B] 1b(32776c6o6o66o)

WRDS 2 B- 8

RETFURN~

END

WRDS2 - 9

PROC FLDNUM

BEGIN

NUENT -1H()

NOENT = 21{()
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FIND. IF BYTE(DCOL,1,DlJDRowI,8) EQ 1H( )
BEGIN

HIT

GOTO FIND

END

IF BYTE(DCOL,3,Dl[.DROW],8) EQ 3H(END)

BEGIN

NUENT =YES

HIT

HIT

HIT

GOTO FIND

END

IF BY'E(DCOL,4,Dl[DRoW],8) EQ 4H(TERM)

BEGIN

NOENT =YES

RETURN

EN D

NUN BYTE(DCOL,2,Dl[DRow],8);

HIT

HIT

MOVIT

IF NUN EQ Z!H(l

BEGIN

FOR W = 0,1,8

BEGIN

IF BYTE(W,i,KLDf(lj,8) EQi!H(

BEGIN

GOTO WW;

END

END

WW. SBYT(0,.,OUT[l1o1,8,BYTE(0,4,FLD[o},8>-O~r[ilo)

END

IF NUN EQ 2H(2

BEGIN
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FOR A = 0,1,5

OUT[12+A] = FLD[A]

END

IF NUm EQ 2h(n1)

BEGIN

FOR A = 0,1,5 ;

OUT[3+A] = FLD[A]

END
IF NUM EQ 2H(i ) OR NUM EQ 2H(8 ) OR NUM EQ 2H(9 ) OR NUM EQ 2H(10) OR
NN EQ 2H(i4) OR NUM EQ 2H(21)

RETURN ;

GOT0 FIND

END

AA. FOR A = 0,1,512

DI[A] = BLANK;

FOR B = 0,1,500 ;

PI[B] = BLANK

CONWRD = 1

FRSTM 1;

FLAG=!H

PRIM I 18H(ENE PROFILE NAME);
READ(6H(TELTYP), INPUT,1)

FOR B .1 0,',7

MEIN

IF BYTE(B,1,IN,8) eq 20(32)

SBYT(B,1,IN,8,1H( )-IN)

END

IF BYTE(O,4,IN,8) Eq 4H(NONE)

BEGIN

PRINT 1H(

MINT 15H(MATCH CONCLUDED)

SP P
END
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PRINT :i

PRINT 7H(%STANDBY)

BE- FIL3(IN,1,lH(c) OIN0,0, 50=Tl, Tl,Tl)
RDX1(mN,o,PROFL,50

0 =Tl)

IF Pi EQ BLANK

SYSTM 6H(SYMALjC)

IF bYTE(,4P
1,8 EQ 41'(AL.CC)

BEGIN

SfSTM 6H(SYMA.Lc)

OUT~lLJ 81i( ALCC;
END

IF BYTE(o,4,pi,8) EQ 4h(C-5A)
BEGI!N

SYsTm OlB$SYMC5A)

END

IF BYTE(0,6,Pjj,8) EQ 6h(SATU'RN"

SYS'fm 6H(SYMSAT)

OUT[ I 8H, SAT1JRN,)

RDX1 YSY3,2,DATA,512=TJ

LB2. F. ) N

IF NO L';r EC,:
®T'C) ENDIT

CC. lF ' (' En B4 LAN

BF6. IF N~r~N 1



FLDNUM

TF NUENT EQ YES

GOTO BB3

GrOTO DD

END

M7CHIT

IF M.TCH EQ NO

GOTO XX;

FLDNUM

IF NUENT EQ YES

GC'TO BB 3;

EE. PROW - 20;

IF P1[20] EQ BLANK

GOTO GG;

r?. IF NUM NQ 2H1(9

BEGIN

FLDNJM

IF NUENT EQ YES

GOTIO 11B3

GOTO FF

END

WI'CHIT

IF MTCH EQjNO

CTO XX;

FLDNUM

IF NUENT EQ YES

GOTO BB3;

GG. P110wa 30

IF P14301 - BLANK

HHh.IF NM NQ 21(I0)

FLDNUM

IF NUENT EQ YES

GOTO BB3

GOTIO HH

-166-



MTCHIT

IF MTc1- EQ NO

G&IND XX;

FLP%7r

IF NIJENT EQ YES

GOTO BB3

11. IF P1[401 EQ BLANK

3 0T0 LL

JJ. IF NUM NQ 2H(i4)

BEGi:;

FLONUM

IF NUEN: EQ YES

S CTO BB3

GOTOC KIN

END

KIN. F "'R H 10,10,130

F 8Lb Ll D

'-M

B' LANK
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BEGA

FLDNUN ;

IF NUENT EQ YES;

GOTO BB3;

GOTO~ MMQ

END

NNl. FOR P 140h,10,230

BEGIN

IF PlrP] EQ of(END

BEGIN

FLDNUN

IF NUEMT EQ YES;

GOTO BB3;

IF NUM NQ 2H(21)

GO I)XX;

GOTC' NN;

PROW =p

MTCIIIT

Iv' MTICH EQ, YES;

GOTO XX

END

XX. I F YU ENT E Y 113

FLDITLN

G)T XA

IF w~Ch i

FRINT U



:10TII
ENDIT. IF -F- EQ BLANK;j

IF FESTE FQ 1

BEGIN

SYSTM = H(SYNC5A)

StC-5A;
FRSTM =FRSIv. + I

END

IF FESIM EQ 2

BEGI N

S75DM = 6(SYMSAT)

,)U 6 H( SALUN;

F 5 TH M FR STIM + 1;

uvitC Bil

FN D

HINY 5

IF2 wL:A: YES);
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FACETED CLASSIFICATION ELEMENT NAMES AND DEFINITIONS

The primary sources for the definition of these terms were- the Handbook of

Instructions for Aerospace Personnel Subsystem Design AFSCM 80-3; Policies,

Procedures and Criteria, AFM 26-1; Military Personnel Classification Policy

Manual, AFM 35-. Officer Classification Manual 36-1; Airman Classification

Manual, AFM 39-1, and an examination of time-lines of aercspace systems.

The terms in the list are ordered to adher-- to the classification structure

since this is more meaningful than an alphabetical arrangement.

1. SYSTEM -. A composite of equipment, skills, and techniques capable of

performing and/or supporting an operational (or nonoperational) rol. An

operational role refers to a system program wherein the system is intended

for use by an operational command. A nonoperational role refers to a system

program wherein the system/equipment is intended for use for other thai ,

operational employment by using commands. Extended test support equipment

are often nonoperational in this sense. A complete system includes related

facilities, equipment, material services and personnel required for it:

operation to the degree that it can be considered a self-sufficient unit

in its intended operational (or nonoperational) and/or support environment.

2. PHASE - A major division of the operational or support role of a system.

For example, in an aerospace system, ground maintenance-and flight opera-

tions constitute phases.

3. SEGMENT - A major division of phase. For example in an aerospace ,ystem,

flight line maintenance and bench maintenance would constitute subdivisions

of ground maintenance; cruise, and approach and landirg are subdivisions

of flight operations.

4. TASK - A related group of subtasks, performed by one or more individuals

at specified or unspecified times during the operation and maintenance of

a system, that are directed to the accomplishment of limited goals. Tasks

are most often performed at specified times, although they may be performed

continuously or on an as-required basis, throughout the system's cycle. A

task may consist of a single operation when there are no subtasks that must
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be performed before the task can be completed. For example, tuning a

radio transmitter to a desired frequency is a task consisting of a related

group of subtasks. Rotating a switch on a radio transmitter to change from

one transmission frequency to another qualifies as a task since

the single operation completes the limited goal. An operation of the

latter type would be a subtask if it were in a related series of actions

required to tune the transmitter.

5. TASK TYPE - An independent subtask (a task that involves a single

individual) and coordinated task (a task that involves more than one

individual in its performance)

6. TASK SEQUENTIAL ORDER - The order of task start ime calculated from the

beginning of a segment. The sequential order is designated by a number.

For example, 7 would indicate that this task was the seventh task to

start at a different sequentially ordered time since the beginning of

the segment. If more than one task starts at the same time, a decimal

point is placed after the sequential order number. For example, 7.1 and

7.2 indicate That two tasks start at sequential order 7.

7. TASK SEQUENTIAL DEPENDENCIES - Tasks that are sequentially related to each

other. This type of relationship stipulates that the performance of

each subsequent task in the sequence after the first task, is dependent

upon the accomplishment of the previous task. Withi' a dependent sequence

of tasks, there may be secondary dependent sequer es, but these remain

as parts of ,he overall dependent sequence. For example, if two specialists

ire o complete separate tasks in a dep ::L : ruence it would be possible

for one specialist to complete his task withoit the other doing likewise.

But the failure to complete both of the tasks would, of course, result

in a failure to complete the task sequence and to satisfactorily accomplish

its objective.

8. TASK TIME - Task time is classified as Specific if the task both occurs

at a fixed point in the system's cycle and has a known time duration.

Specific time can be expressed by numerical values that indicate its

time interval or duration length. If a task is only performed when a

special need arises, it, is expressed by the term As Required. For exapple,
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emergency procedures are periormed on an as-required basis. If a task

is performed continually or periodically throughout a segment, then

task time is expressed by the term continuous. A continuous task is often

performed while a series of tasks with specific times is also performed.

Generally,the continuous tasks are performet_ without interfering with the

performance of specific tasks. Examples of continuous tasks are:

monitor intercom; maintain directional control of the aircraft.

9. TOTAL TASK TIME - A numerical value that expresses the amount of time

required to perform a task. Total task time is expressed by minutes and

hundredths of minutes.

10. TASK INTERVAL TIME - Two numerical values that express the interval in

which the task is to be performed. The two numerical values represent the

start and stop times associated with the task. Task interval time is

expressed in terms of minutes and hundredths of minutes.

11. SUBrAEK (r- ,eating group) - One of a series of related actions, performed

by one or more individuals, required tc accomplish the limited goal of

a task. For example, th, individual steps required to tune a transmitter

are the subtasks. If a task g,al requires a single action, the task and

subtask are regarded as one and the same (see item h).

12. SUBTASK TYPE - An independent subtask (a subtask that involves a single

individual) or a coordinaLed subtask (a subtask that involves more than

one individual in its performance)

13. ACTION VERB - An expression of the act or process of producing an effect

or performing a function. The action verbs must always be in the present

tense and in the indicative mood.

14. ACTION DESCRIPTION - A short descriptive statement, beginning with the

action verb, that describes the action that is taking place in the

subtask. For example, adjust (action verb) trim or aircraft for level

flight.
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15. SUBTASK SEQUENTIAL ORDER - The order of subtask start time calculated

from the initiation of a task. The sequential order is designated by a

number. For example, 5 would indicate that a subtask was the fifth

subtask in sequential order to start at a different time since the start

of the task. If more than one subtask starts at the same time, a decimal

point is placed after the sequential order number. For example, 5.1 and

5.2 indicate two subtasks starting at sequential order 5.

16. SUBTASK SEQbENTIAL DEPMDENCIES - Subtasks that are sequentially related

to each other. This type of relationship stipulates that the performance

of each subsequent subtask in the sequence after the first subtask is

dependent upon the accomplishment of the previous task. Within a

dependent sequence of subtasks, there may be secondary dependent sequences,

but these Ymain as parts of the overall dependent sequence. For example,

if two sp zialists are to complete separate subtasks in the same task, it

is possible for one specialist to complet2 his assignment without the

others doing so. The failure to complete all of the subtasks would, of

course, result in a failure to complete the task and to satisfactorily

accomplish its objective.

17. TOTAL SUBTASK TIME - A numerical value that expresses the amount of time

required to perform a subtask. Total subtask time is expressed by

minutes and hundredths of minutes.

18. SUBTASK INTERVAL TIME - Two numerical values that express the tnterval

in which the subtask is to be performed. The two numerical values

represent the start and stop times associated with the subtask. Subtask

interval time is expressed by minutes and hundredths of minutes.

19. AIR FORCE SPECIALITY CODE (AFSC) - A code consisting of a combination of

digits, or digits and letters, used to identify a given Air Force

specialty. For example, 1538 signifies Navigatoran officer AFSC, and

60570 signifies Transportation Superviaor,an airman AFSC. A letter prefix

and suffix may be assigned to both officer and airman AFSC's.

20. WTTLIZATION FIELD - 'The first tvu digits of the officer AFSC. It signifies

a grouping of Air Force offi:er specialties closely elated on the basis

of required skills and knowledg-. For example, the Pilot Utilization Field
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(10 through 14) encompasses the function of program formulation, policy

planning, inspection, training and direction and performance of combat

and operations activities as they relate to aircraft. In certain cases,

the skills and knowledge required for a given utilization field are of

such a specialized nature that they are not directly related to those

required by another. When this condition occurs, the specialty and

utilization field are the same.

21. UTILIZATION FIELD DESCRIPTION - A statement of what the utilization

field nuaber refers to. For example, 10 through 14 Identifies the pilot

utilization field.

22. CAREER AREA - The third digit of the officer AFSC, in combination with

the first two digits. It signifies a grouping of officer utilization

fields that are broadly related on the basis of required skills and

knowledge. For example, 143 the Air Operations Career Area., encompasses

those utilization fields directly required to employ weapon and

supporting systems -to accomplish the primary operational mission of the

Air Force. Included in the area are the Pilot, Navigator-Observer,

Aircraft Control, Weapons Director, Missile Operations, and Safety

Utilization Fields.

23. CARFER AREA DESCRIPTION- A statement of what the Career Area number refers

to. For example, 143 identifies Air Operations Career Area.

24. LEVEL OF QUALIFICATION - The fourth digit of the officer AFSC. It

indicates the level of qualification within a career area. The level

oigntfies potential, partial or full qualification.

25. LEVEL OF QUALIFICATION DESCRIPTION - A statement of what the Level of

Qualification number refers to. For example, 1435 identifies fully

qualified.

26. CAREER FIELD - The first two digits of the airman AFSC. It signifies a

grouping of related Air Force speciult;es Tnvolving basically similar

knowledge and skill. For example, the airman Transportation Career
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Field, 60, encompasses the functions involved in the movement of

personnel and materials by military and commercial

transporation facilities.

27, CAREER FIELD DESCRIPTION - A statement of what the career field number

refers to. For example, 60 identifies the Transportation Career Field.

28. CAREER FIELD SUBDIVISION - The third digit in combination with the first

two digits of the airman AFSC. It signifies a division of a career

field into which closely related kir Force specialties are arranged

in Dne or more ladders to indicate lateral functional relationships.

There are seven career field subdivisions under Transportation Career

Field. For example, 605.

29. CAREER FIELD SUBDIVISION DESCRIPTION - A statement of what the career

field subdivision number refers to. For example, 605 indicates Air

Transportation Career Field.

30. CAREER FIELD LADDER - The fourth digit of an airman AFSC. It signifies

a vertical arrangement of Air Foroe specialties with:., a career field

subdivision to indicate skill distinction and progression. For example,

6o57.

31. CAREER FIFLD LADDER DESCRIPTION - A .-tatement of what the career field

ladder number refers to. For example, HO57 the level of technician

or supervisor (advanced).

32. AIR FORCE SPECIALTY - The fifth di.git of an airman AFSC in combination

with the first four digits. It signifies a functional grouping of positions

related in terms of education, training, experience, and ability qualifications.

For example, 60570.

,3. AIR FORCE SPECIALTY DE6CRIFTION - A statement of what the Air Force

specialty number refers to. §or example, 60570 indicates Air Pransporta-

tion Supervisor.
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34. AIR FORCE SPECIALTY SHREDOUT - An alphabetical suffix on an officer or

airman AFSC. It signifies qualification with specific equipment or

functions encompassed by that Air Force specialty. For example, Z.

35. AIR FORCE SPECIALTY SH1EDOUT DESCRIFTION- A statement of what the

alphabetical suffix refers to. For example, 60570Z indicates the

C-5A aircraft.

36. AIR FORCE SPECIALTY PREFIX - An alphabetical prefix on an officer or

airman AFSC. It signifies an ability, or skill not restricted to a single

utilization field or career field. For example, L.

37. AIR FORCE SPECIAL2Y PREPTY DFCICTPTION- A statement of it-it the alphabetical

prefix refers to. For example, L indicates Latin America Area Specialist.

38. EQUIF$UY.T TYPE - A fundamental grouping of hardware. The criterion for

determining whether or not a unit of equipment should be classffi I as

a type will depend upon whether it is a part of a larger assembly or is

independent. For example, aircraft is a type of equipment because it

is functionaily complete item in itself and not a part of a larger

equipment grouping.

39. PROPULSION UNIT - The type of pow-er source used to propel the vehici-

For example, jet, reciprocating engine or rocket engine.

40. FTJNCTfON - The major purpo-.x for whih-h a ty-pe of equipment v'NL1 -e used.

For example, equipment trpe is aircraft, the funttion is bomber. Funct ,,n

does not specify what kind of bomber it is.

41. SUBTYPE - A modifier of function that makes its meaning more prec"ise.

For example, function is bomber, subtype is heav, bomber.

42. MODEL - An alphanumeric designator which specifies particular A11s inci.e"

grouping of an equipment subtype. For example, subtype is heavy bomberm rod,

is B-52.
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43. MODIFICATION - A sequentially arranged se ies of alphabetic designators

starting with A which indicates physical alterations to an equipment

model to change its capabilities or characer.stics. For example, model

B-52, modification H.

144. SERIAL NUMBER - An alphanumeric lesignator which uniquely identifies

an individual unit of equipment. It is not meant tc designate identical

anits of equipment. A serial number will, for example, identify one

particular B-5P? from ali others.

. AJOR CCOPONENT N=[ER (repeating group in Subtask) - t basic

indispensaLle segent of a unit of equipment . 7or exannple, the maor -om-

ponents of an aircraft, include the fuselage, empennage, wings, landing

gear (minus tires) and engines. Maj - c,-.mponent's do not in.iude accessories

or other paros th + may be rePlaced from time to time.

4t. MAJOR COMPONFNT - A canrt cu1ar major componen:t of a unit of equipment

'under consideration. zor eitample, engine.

4y. COFMION RT tEF (repe ati ng Wru -ur ima,!, "onco< - A self-

contained uit. which performs a :unct io- naucess.t, nt" ehe sroner orerat 'on

of a Module, subsyste.-, or systemo:" whi: a . ' 7 exa I.e,

a a.rer AS 'r -IR a a Mer oef . ....

A.' -: sia : es a pr iu r par!. , *f , -=.

r e 'a:inA, T"t,(,'.y r.,-' ,

A~. . -v s nse- at ~a :o.r !IO5 . .7n v ?i a - 0' *e
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form a portion of" an assembly or component, replaceable as a whole,

and havIng a part or parts whic are individlially replaceable.

52. SUBASSEMBLY - Designates a p. rticular subassembly of an equipment assembly

under consideration. For example, a radio receiver tuner bandspread.

53. PART MGE (repeating gi X.p in iubassembly) - An individual piece or

member of an equipment suu-sembly.

54. PART - Designates a particular individual piece o member of an equip-

ment subassembly. For example, variable tunking capacitor.
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TIME-LINE PRIN1JT

A capability exiL.s to output a crude time-line using TDRS, COMPOSE and the
data in the experimental data pool.. Time-line outDu-s are limited to the
teletypevriter console characteristics which 8low a single line output
length of 70 characters or spacos. T"herefore, by using the colmn or angle
comiands of query and speeifying the maximam number of characters and spaces
outputs similar to Figures 21, 26, and 27 are possible.

MISSION OPERATOR OPERATOR OP7RATOF 0PEFATO
TIME SUB TASK SbB TASK SOYB TASK SUB TASK

(MNU S 10552 1,4 5-585 15

372.0C 28-1 28-1 28-2

372.25 28-1 28-4 28-2
372.50 28-1 28-4 28-2
372.75 28- 28-4 28-2

373.00 28-1 28-4 28-3 28-6

373,25 28-1 28-4 28 29-6
373,50 28-! 28-3 28-6

373,75 28-1 26-5 28-6,
37,4.00 28-5 28-3 28-6

Fi gure 25. Tz ime-Line / Mission Time

Figure 25 presents a simulation processing output that permits the comparison
between various crew members performing tasks by task computer element (28)
and sub-task computer element (28-1) number as a function of elapsed time
within a mission time. Blanks signify that an operator does not have an

assigned task during this time segmnt. Since most of the task numbers are
within compute. eleaent (28), it must be assumed that the tas, number (27-4)
being performed by an operator (AFSC 1535) is a carry-over from the previous

time segment. A further generalization may also be made; operators (AFSC

105S2 and AFSC 1585) are active 100% of the time during this time segment,
and operators (AFSC 1045 ani 1535) have 0.75 and 0.50 minutes of uncommitted

time during this time -egment.

START STOP TASK
OPERATOR TY TIME TIME NO SEA1ENT LOCATION HELPER R7RIT DIFF

1055Z 1 272.58 272.61 28-1 TAXI WA#1P!LOT 1.0570 NA NA
10570 1 272.58 272.61 28-2 TAXI WA#5CARGO NA NA
10550 1 272.58 272.61 28-5 TAXI WA#5CARGO NA NA
1585 1 272.58 272.61 27-6 TAXI WA#IFTENC MOD LOW

CONT
1535 1 272.58 272.61 28-4 TAXI WA#INAV VRY VRY

1585 1 272.58 272.61 28-3 TAXI UA#1FTENG LOW LOW

Figure 6 Mission Segment Task Time-Li-ie
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Figure26 rresents a simulation output that permits a slightly different
ccrnf. guration -f operator task assi gnments during a specifiod mission Beg-
men t. This arrangement of the dat~a is by operator and task start/stop tire
vaiizeg. Thne output also contains some additional information (Mission
Segment, 1,ocation, Helper, Task Criticality., and Task rerformance Difficulty).
-hus, the tine-line mray be individually structured by the system user to con-
tain and order only those data elements or data element values selected from
the dataeol

TIM TASK TASK
SFG 20EAT0F ZTY TI ME NO LOC AT IO N EQUIPMENT

25 43270 01i 435 176-i wA#38FLTLN ALIGNME1~ _IPURE AOOlO8A
BEAM TYPE SELING MR0228A

43 250 02 ENGINE MAIT STAND NOSE
43 230 01 COWL ENGINE INSTALLATION

PIN KIT
'.26 L3250 02 4Q.8 176-2 WA#I4osHOP AS ABOVE FOBR TASK 176-1 PLUS

TRANSPORER TI,'UC^K
27 43270 01 528.5 176. WA#46-FCTY AS FOP i76-? LESS TRUCK PLUS

RAIL,-TYPE TRANSPORTATION TRAILER
MR0i2L8A COMMON HAND TOOL-S

Figure 27 Maintenance Task iime-Line

Figr Oprovides a third look at an initial time-line bas~l upon maintenance
data from the experimental data pool. in this example the display ordering
is based on ar artificially imposed element--Time Segment--because unscheduled
maintenance must include some type of a hierarchical indexing scheme to assist
in implementing retrieval. Therefore, this maintenance time-line is ordered
by time segment and operator. Further, this output contains user specified
qualifiers: quantit, of operators, task identifying number, task location,
and equipment requited.
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APPENDIX XIII

SIMULATION OUTPUT TECHNIQUE
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SIJULATION OTrPUT

D. A. Wilson (1967), of the U. S. Naval Personnel Research Activity, San Diego,
California developed a scheme for automating Operational Sequence Diagrams
(OSD). The OSD is a specialized form of task analysis output developed for the
U. S. Navy. It does not replace the requirements for a complete task analysis.
This methodology, with some minor modifications, can be programmed as the fixed
format output, for PSES, of a time-line or simulation run. This appendix pro-
video an example of the simulation output available using the OSD techniques,
The behavior codes used are as shown below:

FIRST LE!TEP H (HUMAN)
HUMAN OR MACHINE M(MACHINE)

SECOND LETTER A (ACT)
BEHAVIOR D(DECADE)

T(TWSMIT)
R (RECEIVE)
S (STORE)
P(USE PREVIOUSLY STORED INFORMATION)

THIRD LETTER S(SPEECH)
MEANS OF PERFORMANCE P(LHONE, SOUND-POWER )

I (ITERCOM)
E(ELECTRICAL OR ELECTRONIC)
T(TOUCH)
V(: .SUAL)

FOURTH L27TE D (DISPLAYED)
DISPLAYED OR NOT BLANK(NOT DISPLAYED)

FIFTH LEI=E G(GO, YES NORMAL, ETC.)
INVERSE MEANING N(NO-GO, NO, ABNORMAL. ETC.)

It is anticipated that these behavior codes would be included, at periodic

intervals on the printout, to reduce memorization and human error.

Figure 28 represents the output of either a time-line from stored data or

simulation run in a proposed fixed format.

Figure 29 is the same informaLion with the addition of heading and columnar
lines drawn to show the sequence of operation and interrelated man or equip-,
ment operations necessary.
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